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A type of G-E equipment, distinctive in design, isthe 
Semi-Cylindrical Heat Treating Furnace. 
The heating unit, located in the furnace chamber, 
radiates its heat directly to the charge. 
This of heating unit 
type ol and responds more quickly to auto- 


Se ees 
the furnace chamber, than any 
long life. 
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Cleveland, September, 1921 No. 12 


THE COMING CONVENTION AND EXHIBITION 


N SEPT. 19 the American Society for Steel 
Indianapolis for its Third Annual Convention. The meeting will mark 
the first anniversary of the amalgamation into one great 
societies devoted to the heat treatment of steel, the 
which took place in Philadelphia on Sept. 14, 1920. I'rom every standpoint, 
the uniting of forces has been an advantage and the Society has been able 
to exert an influence greater than would have been possible by two organi 
zations having the same purpose. Executive reports to be submitted at 
the business session of the Convention will testify as to the truth of this 
statement. 

During the year just passed the Society has had a well rounded 
growth. Today all, classes of membership aggregate 3200 members, a sub 
stantial increase over one year ago. At the time of amalgamation the 
society consisted of 27 local chapters; at the present time it can boast of 31, 
a gain of four chapters. This gain is significant other than in point of num 
bers for the new chapters installed during the year have expanded the 
territorial area in which the Society exerts an influence. 





lreating will convene in 


society O} two 










tormal proceeding of 















By reason of 
large active memberships, embracing representatives from_ practically all 
plants in which heat treated products are made, local chapters have been 
able to secure able speakers and high caliber technical papers. The most 
important of these have been published in TRANSACTIONS from time to 
time. Chapters of the Society will be iound to rank top notch among other 
technical organizations in all engineering and industrial centers. 

Thus it is with a satisfaction of work well done and a desire to ac 
complish more that the Society meets in its coming convention. In spite 
of the present business depression which is affecting all 
indications point to a highly successful convention. Plans have been well 
made both by the National Headquarters and the Indianapolis Chapter for 
the entertainment of members and guests while remaining in Indianapolis 


he 
i } 


[he Papers Committee has secured a most complete list of technical papers 





industry, present 









as 1s attested to by the program printed elsewhere in this issue. For the 
irst time simultaneous sessions are to be held, an arrangement which will 


permit the presentation of a greater number of papers than heretofore and 
ll enable members to attend the sessions in which they are most interested. 
it is hoped that this plan of conducting meetings will enccurage discussion, 
hich is a prime purpose of every convention. 
As in the past an exhibition will be held in connection with the con- 
tion. For this purpose the Manufacturers Building at the State 


Fair 
Grounds has been secured. It has sufficient floor space tor booths and is 
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so provided with gas and power facilities that exhibitors will display 
equipment in working order. Although business conditions are not su 
to warrant more than conservative exhibits, the Society has been fort 
in securing a large list of exhibitors, who will have on display the lat 
most efficient products and equipment used in heat treating. That 
exhibitors who make the Convention of the Society possible by their pa 
age will be at considerable expense in presenting their products goes wi 
saying. Thus it is hoped that members and guests will attend the exhi 
frequently and by inspecting the various exhibits will the 
appreciation. 


show 


HOTEL RESERVATIONS ARE HEAVY 
OTELS in Indianapolis already are reporting heavy registratio: 
the week of Sept. 19. Thus it is important that members and ¢ 

who are planning to be present should write immediately to the va: 

hotels in order to secure their reservations. 

Indianapolis has promised to provide our guests with excellent 
commodations as far as hotels are concerned, and through the effort 
J. I. Burns Jr., chairman of the Hotel Committee, a list of hotel 
given below. 

All persons in attendance at Indianapolis will make their own r 
vations direct with the managers of the hotels, and it is advisable 
the members take this precaution. When making reservations give 
of arrival, kind of room desired, and price you wish to pay, and wl 
most important, request the hotel manager to answer your lette: 
peating the reservation. Then present the letter when you register. 

This precaution taken now may avoid serious difficulty at the 
of the Convention. 

It is recommended that reservations be made immediately. 

The list of hotels follows: 




























Hotels Capacity Rates 
ge Ea a ee ee ee 94 Rooms $1.25 to $3.00 pei 
New Colonial Hotel ............. 92 - $2.00 to $4.00 ” 
New Denison Hotel ............. 175 id $1.25 to $2.00 
I I a a ol el i te i i $1.25 to $4.00 
PICTURE eee , is $1.50 to $3.00 
SE MI lea gi a bw weg woes Ree 100.” $2.00 up 
re aes ae a. $1.00 to $4.50 
New Morton Fiotel ..... 2.6.26. 65 = $1.50 to $5.00 
Great Eastern Hotel ............ im” $1.25 to $3.00 
ES errant ss $1.00 to $4.50 
err ees see 400” $2.50 to $8.00 
Hotel Washington .............. _ $2.50 to $4.00 
SOE SUID tae <i cok'n whe be sek . ” $1.75 up 
IE, CHUN oh: bs veces n cena se a. $1.50 up 
CON So Cie nw 6h ae -ale e a3 $1.50 up 
a Per oreo rer re 700” $2.50 up 
yo ”..lU Cee Diao not over $3.50 
SEE SEE: 65 64 vaccinsc > sos wed 60 ¥ . : . 
OE wc sinks 6% Uae 250 o " J n 
DEES BOONES on sews cca piste es 59 "4 re * r 
UEC DEORE... o.avie0 welds evan 187 . rs : 


9) 
Royal Hotel eevee eevneee eee eeenee ce 9 39 93 
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TACTURES BUILDING, STATE FAIR GROUNDS, INDIANAPOLIS, WHERE 
TAL EXHIBITION OF THE AMERICAN SOCIETY FOR STEEL TREATING 
WILL BE HELD, SEPT. 19-24 








““MATCH RACE FOR THE INDIANAPOLIS CONVENTION 


(, ORGE DESAUTELS, chairman of the Entertainment Committee for 
J the Convention and Exhibition of the American Steel Treating Society 
ve held at Indianapolis, Sept. 19 to 24, has issued announcement o 
tch race between Frontenac and Duesenberg automobiles. 
This 50-mile match race will be staged on the Speedway, Wednes 


i 















norning, Sept. 21 at 10.00 a. m. This is the first time in the his 
' the Speedway that consent has been given tor staging a race 





kind on this track other than the Annual Race on Decoration 

















lhree or four Frontenac cars and three Duesenberg machines will 
tered. 





ese two manufacturers of racing cars are located in Indianapolis 

re great rivals, thus it will be a good race inasmuch as both firms 

rticularly anxious to secure the valuable trophy which will be 
esented to the winner. 







addition to the match race Mr. Duesenberg has agreed to stage 
exhibition with his special car which has made a record of 156 
es per hour. It is also possible that Jimmie Murphy and his car in 
ich he won the Grand Prix in Frarfce will also be in Indianapolis, and 
ter this race which is being arranged for the benefit of the visitors 
| delegates to the steel treating Convention. 

While the race probably will be the largest event and_ probably 
greatest interest to the visitors, nevertheless, Mr. Desautels has 
inged for golf tournaments, tennis tournaments, and ball games be 
en the eastern and western delegates. Dances, smokers, vaudeville. 

a continual round of enjoyment are promised for the visitors. In 
napolis has always been the most hospitable city and the steel 
ters are looking forward to having the largest Convention, and the 

enjoyable occasion in their history. 














SPORT IN INDIANAPOLIS 
ND ror C _—o ‘ ° . 7 . ‘ ° . 
GG" RGE DESAUTELS, chairman of the Entertainment Committee: is 
planning to have an inter-city tennis tournament, and also an _ inter- 
rolf tournament. 





Any exhibitor, member or guest from the various 
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cities may enter these tournaments. Trophies will be awarded 
winning tennis team, and to the best golfer. The course at Hig! 
Golf and Country Club has been secured for the golf tournament. 
course represents the sportiest and best in the United States, 
will be a treat to every golfer to try out the excellent course. 
Not only will there be prizes for the individuals and teams | 
ing in the lowest score, but there will also be prizes for the | 
So do not permit the fact that you are no low medal artist prevent Mond 
you from bringing your golf sticks along and enjoying the game. 
you’re going to bring your golf sticks and tennis rackets along, 
municate with George Desautels, Imperial Drop Forge Co., Indianap 
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THE LADIES 


RING them with you to Indianapolis. Then check them with 
Ladies Entertainment and Recepton Committee. They will be por 
taken care of. vane 
At the previous Conventions of the Society many of the visit 
succeeded in persuading “Friend Wife” to go with them, and the ladies 
were so well taken care of, that it is now impossible for these visit 
to attend the Convention unless they bring their wives. 
The Ladies Entertainment Committee has arranged a most tempt 
ing program and will keep the ladies pleasantly and advantageous) 
busy during the entire week. 
The Ladies’ Headquarters will be on the mezzanine floor of 
Claypool Hotel, and will be open every day of the Convention wit 
secretary in charge. 


aa al 


FIG. 2—~INTERIOR OF MANUFACTURES BUILDING, SHOWING A PART OF THE 
SQUARE FEET OF FLOOR SPACE TO BE USED BY THE EXHIBITORS 
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PROGRAM FOR THE CONVENTION 
















\! THE time ot going tO press, it is impossible to list various papel 
CX. hich will be read upon certain days of the Convention; however, 
rams will be distributed at the Convention and will give complete 


. ry F ] ’ 
rmation. The general plan tor the presentation of papers has beet 


La A t?< 
1 11 


ut subject to slight changes, and will be about as follows 
Monday, Sept. 19—Opening Session, 2 P. M., Women’s Building, State 
Fair Grounds, Indianapolis, Ind. 
Chairman, W. R. Chapin 
ss of Welcome 


R. Chapin, Chairman Executive Committee, Indianapolis Chapter 
ee ee]. ee eae City Ofheia 


oo A ee eee ea aio oth pa ak Sake Be N 
of Tellers of Election. ......4265 06000 R. T. Bay é airman 
ey 2 \V. H. Eisenman, National Secretary 
of ‘Treasurer idle, Nati 
res lent’s Address N 
uncements. 
Tuesday, Sept. 20 
\. M.—Papers on Carburizing. 
? Pp. M.—Papers on Tool Steel. 
\i.—Smoker and Entertainment. 
Wednesday, Sept. 21 
) A. M.—Motor Speedway. 
50-Mile Match Race between Duesenberg and Frontenac Motor Cars 
2 P. M—Room A.—Papers on Heat Treating Equipment—Room Bb 
‘apers on Alloy Steel 
§ P. M.—Dance and Entertainment 
Thursday, Sept. 22 
\. M—Room A—Program in charge of the Army and Navy 
4—Papers on Alloy Steel 
2 P. M~Room A—Papers on Metallographic Research 
‘apers on Heat Treating Equipment 
P. M—Annual Banquet. Speakers of National 
Friday, Sept. 23 
0 \. M.—Research Session in charge of Dr. Harrison KE. How 
of the National Research Council, Washington, D. C 
2 P. M—Room A—Papers on Heat Treating Problems—Room B 
‘apers on Shop Management 


Special attention is called to the fact that owing to the large num 


Room 
Room B 


Prominence 


excellent and interesting papers, simultaneous sessions will be 

on three days of the Convention so that visitors may have the 

rtunity of attending the sessions which are of the greatest interest 
Army and Navy Session 

the Army and Navy program on Thursday morning will be es 


lly interesting and the following general program wiil be presented 
Uhe Chief of the Navy will detail an officer to present a paper on 
ving of the North Sea Barage.” 

General Amos A. Fries, chief of Chemical Warfare Ser 
a paper presented on some subject of interest to the members. 
General C. C. Williams, chief of the Ordnance Department has 


vice will 
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asked F. C. Langenberg, metallurgist of the Watertown Ars: 
present a paper on the heat treatment at the Arsenal. 

Major L. W. McIntosh, assistant to the Chief of Engi 
Division, Air Service, War Department, will have a paper pr 
on “Heat Treating Problems in Aeronautics.” 





Research Session 

Dr. Harrison FE. Howe, chairman of the National Research ( 
will preside at the Research Session on Friday morning. Dr. 
has consented to secure the speakers for that session, in whi 
general plan fur research in heat treatment will be presented ai 
cussed. 


PAPERS TO BE PRESENTED AT THE CONVENTION 


NVESTIGATION and progress in heat treating is being mad 

day and steel treaters should keep abreast of the times. It 
necessary to read the comprehensive list of papers given’ bel 
order to be satisfied that the topics mentioned and the met 


3. 


FIG. 3—WOMAN’S BUILDING, STATE FAIR GROUNDS, INDIANAPOLIS, WHE! 
SIONS OF THIRD ANNUAL CONVENTION OF THE SOCIETY WILL BE HE! 
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senting them will make it worth while to go hundreds of miles t 
them. 

After reading this list over carefully, consult with the other 
tives of your firm, and undoubtedly they will agree with ‘you that 
absolutely necessary to send representatives to the convention 1f ) 
to continue to maintain the high standard of your products. 

Manufacturers realize as never before that the materials the 
duce are only as good as their heat treatment. It is an inte . 
fact that the most successful firms are those concentrating and deyoting 
a great amount of thought and capital to the development of th¢ 
treating plants. 

Now is a time when money must be saved, expenses must 
duced, and while it may be felt that business conditions wou 
justify a visit to the Convention, it is only necessary to obtain | 
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rant idea which you may be applied to conditions in your own 
order to be more than tully repaid tor the entire expense of 








few days spent in Indianapolis will increase efficiency and save 
in plant operation. | | 

lowing is a lst of papers which will be presented at the various 
s of the Convention: 






TOOL STEEL 
BROWN, V. P. Colonial Steel Co., Pittsburgh, Pa. Paper: “Tool Steel 






















fications. 
CALKINS, Metalluregist, Detroit Twist Drill Co., Detroit, Mich Paper: 
1 i ee High Speed Milling Cutters.” 
RCAMBAL, Metallurgist, Pratt & Whitney Co., Hartford, Conn. Paper: 
sical Tests on High Speed Steel.” 
GRE EN, Metallurgist, John Illingworth Steel Co., Philadelphia, Pa. Paper: 
iding Pre perly Rolled lool Steel for the Steel Treater.” 
M ARSHALL. Metalluretst, North East Electric L0:. Rochester, N. ¥, Paper: 
| Steel Manipulation.” 
MEDEWEFF, Met. 5014 Weseley Ave. Howard Park, Baltimore, Md. Paper: 
it Treatment and Uses of High-Speed Steel.” 
LAND NELSON, Steel Works Mer., H. Disston & Sons, Philadelphia, Pa. 
per: “A Comparison of American and English Methods of Producing High 
le Crucible Steels.” 
SEIDEL, Managing Director, New York Testing Laboratories, N. Y. City. 
r: “Tool Steel.” 
TOWNSE ND, Ch. Chemist, Cleveland Twist Drill Co., Cleveland. Paper: 
[fect of Tungsten Content on the Specific Gravity of High Speed Steel.” 


METALLOGRAPHIC RESEARCH 


DOWDELL, Instructor of Metallography, University of Minnesota, St. Paul, 
nn. Paper: “Reclaiming High Carbon Gears. 

GILL and L. D. BOWMAN, Metallurgist and Asst. Metallurgist, Vanadium 
Steel Co., Latrobe, Pa. Paper: “Metallography of High Speed Steel.” 
HOFFMAN, Metaliurgist, Colonial Steel Co., Pittsburgh, Pa. Paper: “Ghost 

md Grain Elongation in Hot Rolled and Cold Drawn Iron Wire.” 
LAU, Consulting Engr., 1437 W. Jackson Blvd., Chicago, Ill. Paper: “The 
of Phosphorus m Tool Steel.” 


HEAT TREATMENT OF STEEL 
\. BLACET, Met. Central Steel Co. Paper: “Modern Methods of Heat 
[ug a 

COWDREY, Professor of Mechanical Engineering, Massachusetts Inst. Tech., 

mbridge, Mass. Paper: “The Effictency of Annealing Overstrained Steel.” 






















































COPE, Consulting Metallurgist, 920 Mary St., Ann Arbor, Mich. Paper: 
, irse Grained Forgings; Their Detection and Correction.” 
i AN toes Metallurgist, Illinois Steel Co., South Chicago, IIl. Paper: 


tribution to the Problem of. the Influence of Mass on Heat Treatment.” 

KE [ 1 ER, Dept. of Forging & Heat Treating, Lewis Institute, Chicago, Ill. 

per: “The Whys of Warping.” 

LANGSTROTH, Met. A. O. Smith, Milwaukee, Wis. Paper: “Heat Treat- 

l of Steel.” 

H VYWARD, Met. Link Belt Co., Indianapolis, Ind. Paper: “Malleable Tron.” 

HOYT & G. H. BIERMAN, Met. Engrs., National Lamp Works, Nela Park, 

veland, O. Paper: “On the Theory of Hardening Steel. 

LYNCH, & W. J. MERTEN, Met. Engrs. Material & Process Eng. Dept., West- 
nghouse Electric & Mfg. Co., Pittsburgh, Pa. Paper: “Tests Showing the Effect 

High Temperature on Malleable Tron.” : 

MERTEN, Met. Engr., Westinghouse Electric & Mfg. Co. Paper: “A Coiling 

1 Heat Treating Plant for Helical Springs.” 

PRIESTLEY, Supt. of Hot Metal Div. U. S. N. O. P., Charleston, W. Va. 

iper: “Fracture Test on Steel to Determine its Ouality.” 

\\ \RD, Metallurgist Engineer, Lyells, Va. Paper: “Miscellaneous Heat Treat- 
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WHITE, Supt. of Melting Shops, U. S. N. O. P., Charleston, W. 
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EXHIBITORS AND PRODUCTS THEY WILL EXHIBI’ 


HE exhibition this year will be one of the most interesting and in 

the Society has ever held. There will be more exhil 
operation than ever before. Over 70 firms, as listed below, pz 
the highest class of products will be there to meet you and er: 
and not only to explain their products but to answer any questio 
may have, and help you solve the difficulties in which you may 
tangled. 

A glance at the list of firms below will show that they re; 
the leaders, and they are anxious that you should examine their 


ucts. There is nothing that could be of greater value to you 


come to the Convention and Exhibition to examine at first hai 

very latest in new equipment and products which should be use 
The list of exhibitors given below is not complete due to 

that it was necessary to close the forms preparatory to going | 


The program distributed at the Convention will contain compl 
formation. 


Following is the partial list of exhibitors and their product 
Alcorn, Blockhouse Co., Philadelphia, Pa. 


Armstrong Cork & Insulation Co., Pittsburgh, Pa., will exhibit: 
Nonpareil insulating brick for the retention of heat 
settings and other high temperature equipment. 
Nonpareil high pressure covering and blocks for steam lines, feed water 
enameling, and japanning ovens, etc. 

Nonpareil cork covering for insulation of drinking 
factories. 

Nonpareil corkboard for the insulation of cold 
rooms. 

In Charge of Booth: J. T. Gower. 


E. C. Atkins Mfg. Co., Indianapolis, Ind. 
Atlas Crucible Steel Co., Dunkirk, N. Y. 


in furnaces, ove! oa: 
Calor 


water systems in 


storage and constant te! 


Bausch & Lomb Optical Co., Rochester, N. Y., will exhibit: 
Metallographic equipment and metallurgical microscopes, including 
metallographic equipments and a new form of illuminant. 
In Charge of Booth: W. L. Patterson and L. I. Nixon. 


Bell & Gossett Co., Chicago, IIL, will exhibit: 
“Caseite’—case hardening compound. 
“Bathite’”—preheating bath. 

Pots and Boxes. 
“Cleancoat”—lead bath covering. 
Selective hardening material. 

In charge of Booth: E. J. Gossett. 


Bethlehem Steel Co., Bethlehem, Pa., will exhibit: 

One large transparency consisting of 32 photographs with appropri 

showing representative views of all operations at a steel plant fr 
terials to the finished steel product. 

A new truck wheel, showing the various operations from the I-beam 
the finished wheel. 

Two boards of bolts and nuts. 

A number of different castings made with additions of Mayari iron, 
of motor castings, such as pistons, cylinder heads, motorcycle cylind Centra 
ing plates, ete. ri 

Several very interesting tool steel boards. 

A board of drop forgings. 

In Charge of Booth: W. R. Shimer, W. H. Laury, W. C, Cutler 


om 





( 


and | 





e Brown Philadelphia, Pa., will extubit 
‘tus to demonstrate what the research departments of instrument manu 
‘ s are doing today, along the lines ot developing newer and more ac 
ite instruments The Brown Instrument Co. plans to exhibit a number 
striking samples of radical changes and improvements in instrument design 
yistruction. 
- booth will be displayed a potentiometer, so compact that it can be 
ed under the arm, and yet has a scale of 96 inches long 
‘matic control showing what has been accomplished during the last year. 
eating cycle controller. | 
id junction compensated pyrometer, together with the complete line of 
resistance indicating and recording pyrometers of single continuous and 
ple types; indicating and recording thermometers; indicating and _ record- 
pressure gages, tachometers; and all types of instruments tor temperature 
suring and recording 
iarge of Booth: G. W. Keller, C. McDermott, D ] Jones R. W. Mayer, 
R Robinson, and S. C. Ketterer. 
reau of Standards, Washington, D. C., will exhibit: 
ral equipment available for metallurgical research and testing of metals. 
es of publications considered of interest to the society will be available 
examination, and typical examples of the Bureau’s metallurgical work 
hye featured. 
xhibit as a whole will give a general idea of the scope of this work and 
eration with the metal industries. 
ge of Booth: G. K. Burgess, H. J. French, and Miss D. FE. Kingsbury. 
alorizing Co. of Pittsburgh, Pittsburgh, Pa., will exhibit: 
and used specimens of Calorizing and Calite, with some working tests 
ie latter material. 
( irge of Booth: B. L. Jarrett, A. V. Farr, EK. L. Malone, A. A, Becker, 
LD). Rice, G. H. Howe and G. R. Brophy. 


se 
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lite Products 
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t) 


4 


rst. 


pounds and can be carried easily to any part of the shop or plant. 


Chess 


Wil 3] 1 RS 


AND 


Instrument Co., 





eristol Company, Waterbury, Conn. 


PRODUCTS 


samples 





THE) 


of Bohnite, 








WILL 


also 


which 


EXHIBIT 


samples of 
samples include gears, cam shafts, etc 
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Hardening Service Co., 2281 Scranton Road, Cleveland, O., will exhibit: 
hardening compound, 


luced 


work it has 


have 


sa been cut 
iow the cross section and polished and etched to show the depth of case. 
new devices for testing the hardness of metals which will be shown for 
irst time in the United States. hey are both manufactured by the 
Whitworth, Ltd., Birmingham, Eng. 


called the Auto-Punch, is a portable Brinell machine weighing only a 


The 


rressions made are somewhat smaller than made with the standard Brinell 
chine. The instrument is manufactured for shop and production use and is 


simple that any workman can operate it and yet it is accurate enough for 
oratory purposes if needed. 


second instrument, known as the Quadrant Sclerometer, is used for testing 


hardness of wrist pins, steering bolts, etc., and is made from two ordinary 
s hinged together at one end. 


nar 


Trp : 
treating 
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rhyit 


sulating 
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and 


large 
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a | 


nar 
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ge 


Cc 


ge 


of Booth: 


ill include 
value of 
oO! Booth: 


of Booth . 
Beach. 





model 


inl 
-Cel heat insulating products, brick and powder. 

L-3 cement tor torming furnace and oven doors. 
furnace 1 


H. 


various 


Sil-O-Cel. 
KE. 


‘ntral Steel Co., Massillon, O., will exhibit: 


ous steel products. 


F. 


Davis, 


Griffith, 


One of these is placed in a horizontal posi- 
yy the means of leveling screws. The hardness of the piece is then ascer- 


Be 


Co., New York, will exhibit: 


materials 


fo 


H. 


hinability of oil hardening steels. 


F, DD. 


ined according to the friction generated. 


William 


ll and C., 


E. 


rms showing 


Lovejoy. 


representative 


in operation to illustrate 
N. Haberstroh and R. V 
N. A. Blacet, L. B. Baker, 


graphically 


applications, 


the 


Massman. 


ian 


Richter, 
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Colonial Steel Co., Pittsburgh, Pa., will exhibit 







} t ] ¢ | . j ; j s 1 1 
High and low irbon ste Wen speed steel, annealed steel. overh 
liuirne | ‘ ] + ‘ } — ] asatl mire ne . 
DUTTICE Stccr, Cic., tO r¢ viewed WIThM MmICrOSCcOpe 
\n auto-propector showing views pertaining to the manufacture 












H. Nimick, J. I. Barry 


Hoffman 






Crucible Steel Co. of America, Pittsburgh, Pa., will exhibit: 


Complete line of steels and products manutactured from same 

In harge ot Booth: Maver, Taylor ¢ ite, 

In ¢ Boot C. W. M J. W. Tayl F. J. WI | 
H. L. Raynor, R. Slaughter and EK. E. Sharp. 












Deeds Commercial Laboratories, Indianapolis, Ind., will exhibit: 
Carburizing compound, demonstrating methods of use as well as_ the 
of quenching. 


In Charge of Booth: W. ¢ Horner 


Deeds & Chapin Co., Indianapolis, Ind. 












Driver-Harris Co., Harrison, N. J., will exhibit: 


+ ace l ’ 7 
Representative Nichrome castings 
, 


In Charge of Booth: H. D. McKinney, W | Blythe, ¢ B. -Callomay 


Hardegan, and H 1) Lietz 











Eaton Electric Furnace Co., Taunton, Mass. 
Electric Alloy Steel Co., Youngstown, O. 


Electrical Refractories Co., East Palestine, O., will exhibit: 






electrical refractories for use in resistance-type electric heating devi 
ing electric ranges, steel treatiig ‘furnaces, enameling ovens, i1mmersio 
and laboratory equipment 

In Charge of Booth: | ( Owen 













Electric Steel Co. of Indiana, Indianapolis, Ind. 


Charles Engelhard, Inc., New York, will exhibit 
Chermoelectric pyrometers. 
Thermocouple parts, such as protecting tubes 
Completely assembled thermocou, 
Indicating instruments—several ty] 
Recording instruments—single and multiple-1¢ccord 
\utomatic temperature regulator 
I-lectric turnaces, 
Impervite refractories 
In Charge of Booth: E. S. Newcomb and G. V. Nightingale 


J. B. Ford Co., Wyandotte, Mich. 
William Ganschow Co., Chicago, IIL, will exhibit: 


Heat treated gears of all kinds 

Spur gear speed transformer. 

Bakelite and rawhide noiseless gears 

In Charge of Booth: A. F. Boissoneau. 










General Alloys Co., Chicago, Ill, will exhibit: 
(9—Alloys—supreme heat resisting alloys. 
Will announce a new alloy at the show. 
In Charge of Booth: H. H. Harris, A. D. Heath, A. L. Grinnell, P 


Govern, and O. A. Parine. 
General Electric Co., Schenectady, N. Y. 
George J. Hagan Co., Pittsburgh, Pa., will exhibit: 


One 42-kilowatt electric furnace in operation. This furnace will be aut 
‘controlled, and is representative of a complete line of electric furnaces w 
George ]. Hagan Co., carries in stock and manufactures in its factory 
ville, O This particular equipment is suitable for hardening, anneal 
carburizing steel; annealing nonferrous metals; and enameling. 

One combination oil and gas-fired heating furnace in operation, with 
and with automatic temperature control; also samples of oil burners 
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furnace work and stean 


abd 


vas fuels ot various soris Io! 


harge of Booth: W. C. Buell 
Halcomb Steel Co., Syracuse, N. Y.., 


' lec] 
serted tor th an (isk sx 
1 


yid-drawn hi 


ies, dies, 


M:; ignet steel 
\Vortle drawin 
Charge 


stage. 


Heppenstall Forge & matte Co., 


isto! Rod—show1 yhysical | 


Pittsburgh Pa., 
properties 
block—giving cadena run while 

CS Ntalllils drop forein: 


y 
APL ROLL RS 


made and average yield 


\otographs of the plant 


ir knife showing tracture and 


Charge of Booth: J \. Succop. 


Hoskins Mfg. Co., Detroit, Mich., 1] 


will 

ating furnace, the 
oaveiiell and which employs 
ometers, indic 


lectric heat tre 
ad new 
ating and recording 
Nickel-chromium heat-resistant casting 


Charge of Booth: W. D. Little, ¢ 
Imperial Drop Forging Co., 


Indianapolis, Ind. 
Indianapolis Drop Forge Co., Indianapolis, Ind., 
rot } ged dies and tools and drop lOrgil ys 


ng 
of Booth: Ferdinand Bari 


Ferdinand Barnickol J1 


1 1 
iickol, | 


Indianapolis Light & Heat Co., 
The Industrial Press, New York, 
‘Machinery’ and its different 


Charge of Booth: J. N. Wheeler, V. 


H. L. Brown. 


Indianapolis, Ind. 


will exhibit: 
public: tions 


The Iron Age Publishing Co., New York, 


fhe Iron Age and publications 
Charge of Booth: F. 7, Frank, C. S. Baur, F. W 
B. Robinson, J. Lundberg, F. S. Wayne 
D, ~ Herman, E. Sinnock, C 
Barr, and W. C. Sweetser. 


Kinney aie Co., Chicago, Ill., will 


xhibit: 
Small motor driven positive pressure rotating plunger 


harge of Booth: A. J. Munday. | oe 
Leeds & Northrup Co., Philadelphia, Pa., 


Bar ste ”’ method electric furnaces in o} peration (Bring 

ating and recording pyrometers anvil optical 

" Chetan of Booth: G. W. Tall, Jr., A. E. 7 
Oscar Brewer, and C. A. Martin. 

Marschke Mfg. Co., 


} ‘ 


will 


KE mer Son 


Rice, A. L. Marsh 


will exhibit 


py! 
arr, 


Indianapolis, Ind., will 
lectrical motor-driven bench and floor-type grinders and buffer 
chines are made in the plant complete, including 

in Charge of Booth: F. W. Marschke, W. A. 
Midvale Steel & Ordnance Co.—Cambria Steel Co 


Oakley Chemical Co., New York, will exhibit: 
Oakite cleaning methods and 
oils, thus affecting economy 
ter, disagreeable odors and 


exhibit 


S These m; 
motors and satety devic 
Marschke and H. W. Marsch 


Pittsburgh, Pa. 


materials for removing quenc 
in labor and money W orl 


health undermining 
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methods of handling so improved that substantial savings are possih 
t 

Oakite service men will be present in booth 60 to ofter Sugvestions 

vidual problems of removing quenching and = temperin oils r oth 





trial ¢ leaning problems 


In Charge of Booth: Maxwell Lakeman and ( \. Orm 




















The Penton Publishing Co., Cleveland, O 


“9 v\) 


lhe Iron Trade Review and publications 

In Charge of Booth: F. V. Cole, John A. Penton, A. O Jackert, J. D 
J. Stark, H. O. Taylor, L. ( Pelott, A. L. Klingeman, G. H. M 
L. Shaner, D. M. Avey, A. M. Pulaski, H. E. Diller, E. F. Ross 


lain and D. ©. Taber 
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Quigley Furnace Specialties Co., Inc., New York, will exhibit: 
Hytempite: Demonstration of this high temperature cement for band 
brick, blocks, tiles, and granular refractorie 

















Insulbrix: Refractory insulating brick for conservati 
lorm temperatures 








Carbosand: Highly refractory fire sand for furnace lini 


lly 








al 
and repairs to linings, and for making special shapes and tile. 
In Charge of Booth: W. H. Gaylord and F, W. Reisman. 


W. S. Rockwell Co., New York City. 
P. H. & F. M. Roots Co., Connersville, Ind., will exhibit: 


One No. “% Roots horizontal low-pressure blower, motor drive. Thi 
ll be used for furnishing air for one half 





























of the live exhibits at the Cor 

One No. 4 Roots Acme gas pump, arranged for drive by 
and equipped with diaphragm operated by pass valve This gas pump is 
type used for boosting the gas pressure to hardening furnaces and 
dustrial appliances. 

The Original Roots blower This machine is the first one manufactu 
Mr. Roots in 1859. 

One No. 3 Roots Acme blower arranged for single-pulley drive. This 
will not be in operation and will be for inspection only. 

One No. 3% Roots \cme blower, arranged ior tight and loose-pulley 
This machine will also not be in operation and will be for 





constant speed 





















































iInspectiol 





























One No. 1 Roots Acme hand blower This machine is of the type ord 
furnished for use with portable forges and blacksmith fires It will be 
hibition for examination and operation by visitors. 

One No. 1 Roots horizontal low-pressure blower, pulley-drive. lhe ca 

















headplates of this machine will be cut away so as to show the rotating 





It will also be arranged to rotate slowly showing the relation and 
of the internal mechanism. 


Simonds Mfg. Co., Lockport, N. Y., will exhibit: 
High speed tool steel. 
Carbon tool steel 
Alloy steels. 
Sheets and _ bars. 
In Charge of Booth: H. D. Need and G. R. Bird. 





O1)¢ 



































Smith Gas Engineering Co., Dayton, O., will exhibit: 
Small model clean gas producer of sufficient capacity to operate furnaces 
In Charge of Booth: Wm. P. Duff, E. A. Adams, and hk. M. Chatterto: 











Spencer Turbine Co., Hartford, Conn., will exhibit: 
Spencer multiturbo compressor tor supplying air for oil and gas burning 
In Charge of Booth: S. E. Phillips and H. M. Grossman 

















Stromberg Electric Co., Chicago, Ill, will exhibit: 











preventing the process from running too short or too long a time. 
Sromberg No. 35 job time recorders, printing exact time of start and 


tion of work on any job or operation. 
Stromberg in-and-out employees’ recorders for payroll and time reco: 
Stromberg electrical time stamps for stamping exact time on all ki 
papers passing through various departments. 

In Charge of Booth: Wm. P. Martin Jr. 



































Process timing and signalling instruments for controlling the time e’ement 





AND PRODUCTS THEY WILL EXHIBIT 


*) 


Surface Combustion Co., New York City. 
fate-Jones & Co., Inc., Pittsburgh, Pa 
Instrument Companies, Rochester, N. Y. 
>, Latrobe, Pa., will ex! 


| tiie y LOU steel 


Taylor 
Vanadium-Alloys Steel Cc 


eed. ( 0 


rge of Booth: J. P. Gill, W. R. Mau, A. G. H 


Westinghouse Electric & Mfg. Co., Pittsburgh, Pa. 


Wilson-Maeulen Co., New York, 
kwell hardness tester in three 

itors and pyods 

Booth: C. H. Wilso: 


oO! »POOT 


\ lar eC 


Witherow Steel Co., Pittsburgh, Pa 
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THE METALLURGY OF HIGH SPEED STEEL 
By D. M. Giltinan 


D* ELOPMENT of high speed steel as distinguished from cai 
tool steel, has been a matter of the last 50 years. The deve 
ment of the present day cutting alloys in this short space of time, 
compared with the hundreds of years previous in which there was 


development, calls for some explanation. This explanation lies in 
fact that the manufacturing industries of the civilized world have, d 
ing the same period, demanded a means for securing increased prod 
tion without the increase in cost which would accompany additi 
buildings and equipment. ‘The alternative was to speed up each it 
vidual machine, and in attempting to do so, it at once became app 
ent that the tool steel then in use would not meet the requirements 
increased speed. ‘These requirements were: 

The tool must possess initial hardness greater than the n 
cut, and also must be sufficiently hard to resist wear. 
















l. 
terial 








\ paper presented before the Charleston Chapter. The author, D. M. Gilti 
is associated with the micro laboratory, Bureau of Research, United States N 
Ordnance Plant, Charleston, W. Va 
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FIG. 1—EFFECT OF HEAT ON HARDENED STEEL 
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FIG. 2 





-COMPARISON OF VARIOUS HIGH SPEED STEELS 


2. The tool must not soften when subjected to the heat developed 
through friction, due to increased relative speed of the tool and the work. 
lool steel, in the generally accepted sense of the word, is an iron- 
irbon alloy containing from 0.6 to 2.0 per cent carbon with an average 
approximately 1.0 per cent carbon. The carbon exists as iron car- 
ide, or cementite, Fe,C, which is extremely hard, and above 1350 de- 
grees Fahr., the stable condition of the alloy is a solid solution of Fe,C 
the iron or ferrite. Below 1350 degrees Fahr., the Fe,C separates 
ut of the solid solution and the stable condition is a mixture of Fe 
nd Fe,C, which is comparatively soft, due to the cementite being iso 
ted in globules or plates in the soft ground mass of ferrite. If the 
solid solution is cooled rapidly the carbide is held in solution, resulting 
in uniform hardness throughout; but the alloy is in a meta-stable con- 
lition and will revert readily to the stable upon application of heat. ‘This 
itening commences at about 300 degrees Fahr., and at 1300 degrees 
hr. or dull red, the steel has become very soft. This is illustrated 

iphically in Fig. 1. 

Present high speed steels, on the other hand, when properly hardened 

initially hard, and moreover there is only a small decrease in hard- 

ss when heated to a dull red; that is, high speed tools are as hard 

len operating at speeds where friction is sufficient to make tool red 

t as are carbon steels, when operating under conditions of very light 
ut and feed and low speed. 

The development of the modern high speed steel as shown by 
ible I, started in about 1866, when Robert Mushet of Shefheld, dis- 
vered the value of manganese as an alloying element of bessemer 
eel, giving added ease of fabrication. In the source of further ex- 
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\me 
perimental work with manganese on tool steels, he noted that one par — 
ticular composition possessed the property of hardening when cooled 
in air. This was distinctly out of accord with the knowledge of steel 
hardening at that time, and careful analysis developed the fact that 
there was considerable. tungsten present in addition to the manganese 
as shown by No. 1, Table I. The combination of tungsten and man 
ganese in conjunction with high carbon resulted in a lowering to bel 
room temperature of the point where the carbide separated out of the 
solid solution, giving the property of “air hardening”, a term which was 
at once applied as a trade name to this particular tool steel. Some few 
years later, Henry Gladwyn, an associate of Mushet’s, noted that when 
this steel was cooled from a yellow heat, 1700-1800 degrees Fahr., in 
the air blast even better results were obtained. This steel found some 
application in machine shops working on very hard material, but it 
was not generally used to speed up production, due probably to the 
great difficulty encountered in fabrication and dressing of tools. 


FIG. 3—PHOTOMICROGRAPH OF HIGH SPEED STEEL IN THE ANNEALED STATE 


It was not until about 1890 that there was any further improve 
ment in tool steels and the next step was taken by America. Fredrick 
Taylor, founder of the Taylor System of Scientific Management, was 
at that time chief engineer at the works of the Midvale Steel C 
Philadelphia, and was an enthusiast on the subject of increasing the 
production of the various machine tools. The difficulties of handling 
Mushet tool steel led to the discovery that by replacing the mangan 
ese with chromium and cutting the carbon content in half ‘and increas- 
ing the tungsten content slightly, a steel was produced which had the 
air-hardening properties of Mushet’s, was a superior cutting allo) 
was readily forged to shape. 

When Mr. Taylor, in 1896, went with the reorganized Bethlehem 
Steel Co., he continued his experiments in search of a steel with which 
he could increase production still more, and during the period betwee! — 
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1898 and 1900 he discovered the great increase in cutting speed made 

ssible by heating the tools practically to melting point when harden 
ng. This ‘was a revolutionary step, as it had always been known that 
eating a carbon steel any higher than necessary to produce uniform 
solution of the carbide resulted in a coarsening of the crystallization and 
iccompanying brittleness when hardening. In fact, a carbon tool steel 
heated as high as 2300 degrees Fahr. would be absolutely ruined. Fur 
ther work at Bethlehem showed the advantage of higher chromium con 
tent, and between 1902 and 1906 there was in Europe and America a 
movement which resulted in the adoption of carbon content now gen 
erally in use 0.60 to 0.80 per cent and increasing the amounts of chrome 
and tungsten up to the maximum of 7 per cent chromium and 24 per cent 
tungsten. It was found, however, that the maximum efficiency was 
tained with a chromium content of 3 to 4 per cent and 18 per cent 
tungsten. Molybdenum was also tried in place of tungsten, or to re 
place it partially, but it was found that while molybdenum produced an 
excellent high speed steel, it was rather uncertain and caused seams 
and hardening cracks so that its use was discontinued. 

\bout the same time vanadium was added in this country, and, 
while it was found that it improved the cutting capacity, it was thought 
erroneously as it later turned out, that the increase obtained did not 
‘ompensate for the additional cost entailed. In 1908-1909, Europe and 
\merica brought out simultaneously a high tungsten steel containing 


Table I 
Development of Cutting Alloys 
High Speed Steels 


No. Year Composition Per Cent 
Ni Cr W Va. Co Mo. Ur  Ai‘li. 
1868-70 5 zZ . 6.0 
1890-94 ; ae 1.7 8.0 
1900 : ; 3.8 Q 
1902 oi 2 5 0) 
1903 ; 3.0 3.0 
1903 a: 3.0 0 
1905 Re : 0 O 
1906 ate a ete 6.0 Q 
1906 5 6.0 0 
1908 4.0 O 
1910 : eh 4.0 0 
1913-14 a 4.0 0 
1914 s. 3 0 
1915 5 0 5 
1916 4.0 0 5 


S 


4 
ie 


Semi-High Speed Steels. 

Carbon Tool Steel. 

1 868-90 .25 on 2.0 

y 7.0 
‘a / 1.5 
1905-10 x ; 14.0 
1915 Mg ba ae 
1917 12.0 


Nonferrous Alloys. 
1914 5 30.0 6.0 
1916 . 6.0 65.0 15.0 
1917 ; 6.0 80.0. 4 5 
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approximately 1 per cent vanadium which met with immediate suc 
and since that time vanadium has been an essential component of p: 
tically all high speed steels. Its action has never been understood fu 
and there have been few attempts to explain its effect, which is t 
crease the life of the tool when working at high temperatures. 

Shortly after this it was found that in steels containing vanadi 
the tungsten could be lowered to 13 or 14 per cent with an increas 
cutting capacity, which was more marked if vanadium content was 
creased to as high as 2 per cent. In the last few years cobalt has b 
added with considerable success; first in Europe and later in this c 
try. Like every other addition which has increased the cutting pow: 
of high speed steel, it has made the material more susceptible to ab; 
and has not come into very general use. 

From its position in the periodic table, that is, in the Cr, Mo, 
group, it seems reasonable to assume that uranium would be a valua 
high speed element. Recent experiments have shown, however, that 


the amounts in which it has been possible to alloy it with high spe 


steel, its effect is nil. It is very difficult to get it into solution in 
steel due to large losses caused by oxidation or insolubility. Tantalu 
has also been added experimentally, but it tends to prevent air-hard 
ing and has shown no beneficial effect. Relative cutting efficiencies 
shown in Fig. 2. 

Developing with the high speed steels there have grown up seve! 
alloy steels, which while not possessing high speed characteristics, h 


4 





FIG. 4—-STEEL HEATED TO NORMAL HARDENING TEMPERATURE. X_ 600 SH 
LINES OF AUSTENITIC GRAINS, VERY LARGE. CARBIDE PARTICLES NOT 
SOLUTION FIG. 5—CUTTER BURNED BY SEVERE OVERH G 


EAT 
SHOWS PARTIAL FORMATION OF INTERGRANULAR EUTECT 
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CAPACITY OF HIGH 
a considerable field in some classes of work where the alloying 
ements have produced tools possessing keen cutting edges suitable for 
nishing work. In the period between 1880 and 1890 tungsten was 
lded to tool steel of 1.00 to 2.5 per cent carbon, which upon quenching 
m the ordinary temperatures for tool steel, 1400-1500 degrees Fahr. 
ve a tool possessing a durable cutting edge on light work. Later 
hromium was added to straight carbon tool steel, but only with the 
lea in mind of increasing the resistance to wear, not that of increasing 
peed. 
In the period between 1905 and 1910, there was developed in Eng 
nd and France, a steel of high carbon content, 2.50 per cent, and high 
rome 14 per cent. 


This steel possessed a very fine grain, cutting 
ipacity far superior to carbon tool steel, though inferior to high speed 
teel, and moreover, the special advantage of not deforming on harden- 

The hardening temperature was only 1600 to 1700 degrees Fahr. 

s opposed to 2200 to 2300 degrees Fahr. necessary for high speed steel. 
however, like the original Mushet steel, was difficult to forge, and 
the account of the large loss in manufacture, it has been followed to 
certain extent in this country by a steel of 1.5 per cent carbon and 


L 
to 20 per cent chromium, which possesses the same nondeforming qual- 
ies, but is more readily fabricated. 

Within the last half year, in view of the scarcity of tungsten, there 
is been brought out in England a high speed steel “substitute”, for 
hich rather extravagant claims have been made. It is very similar to 


e nondeforming steels mentioned previously, with the addition of 
and while cobalt improves the cutting capacity over the same 
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HIGH SPEED STEEL 
steel without cobalt, it by no means is capable of working at high speed 
and heavy cutting conditions. 

Some interesting nonferrous alloys have been brought out within 
the last five years, but they do not take the place of high speed steels 
as yet. ‘This steel, essentially a chrome-cobalt alloy, was put on _ the 
market in 1913 by Elwood Haynes of automobile fame. It is a very 
hard and fine grained alloy, and although quite brittle, it is capable o! 
extreme speed when in the hands of a competent mechanic. It may he 
heated to a bright red or orange, 1/00 degrees Fahr., without any soften 
ing effect. It is rather high priced, due to the large percentage of cobalt 

In 1916, an English concern bought out a cutting alloy, which wa 
largely nickel and chromium, with about 6 per cent each of aluminum 
and silicon. It is believed that these two elements form an intermetalli 
compound of extreme hardness, which is chiefly responsible for th 
success of the alloy, as a simple nickel-chome combination of approxi 
mately the same composition does not answer the purpose as a cutting 
tool. 


An interesting alloy, very similar in some ways to the one just men 
tioned is one developed in the United States within the last year. It con 
sists of approximately 80 per cent nickel, 4 to 6 per cent of aluminum and 
silicon and about 4 per cent of zirconium, a metal which is new when 
used in this connection. This alloy possesses a quality similar to the 
steel developed by Mr. Haynes though somewhat inferior; but like all 
the nonferrous alloys which have yet been developed, it does not 
possess the requisite toughness to withstand the heavy blows which 


high speed steel tools contend with in heavy roughing cuts or “Hogging”™ 


as it is called in the Mere 
The manufacture of high speed steel involves no different processes 
| 
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he electric furn: 
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atter to refine low grade material. In the 
1 amount of high 
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peed steel scrap, 
v4 
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ferrotungsten are packed in crucibles and sealed with sand or clay. Each 
pot holds about 100 pounds, and about 30-35 pots are put in the furnace 
it one time, melted and thoroughly mixed after melting by pouring into 
the ladle, from which the ingots are cast. As 


~ 


cs Is solidified 


the moid 


1 
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S Ss rip] 


4 


ved and ingots 


SOOT) 


are 


as the metal in 


the 


: CO led ot i slowly, 
either in ashes or in a soaking pit. xtreme precautions must be taken, 


is high speed is very sensitive to rapid temperature changes and would 
crack if allowed to cool suddenly. 


The ingots are then annealed to remove any strains set upon casting, 


and are caretully 


shipment. It 


is 


y heated for fabricar on. The ingots may be etther rolled 
or hammered to bars after which the latter are reannealed and are ready for 
to ship bars annealed in order that 
machine work may be done on them. 


customary 


any 


Microscopic examination at high magnifications, 500-1000 diameters, 


shows that high speed steel in the 
matrix of what is probably 
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is studded with innumerable globules or “ponds” which have \b. 
identified as carbides or tungstides of iron and chromium or a comb; 
tion of both. 

Upon quenching this steel from ordinary temperatures, that 
1400-1700 degrees Fahr., there is practically no change in structure 
there is only partial hardening, showing that solution of carbide 
necessary for hardness. Tools hardened from these temperatures do 
realize the possibilities in any way. It is only by heating to at least 2 
or 2300 degrees Fahr., that the carbide shown in Figs. 4 and 5, may 
brought into solution and it is then only that the full possibilities a: 
cutting tool are obtained. The effect of hardening temperature on , 
ting capacity is shown in Fig. 6. There is, of course, an extreme in h 
temperature, and if this is passed, more injury than good results. 
steel is partially melted and an intergranular eutectic, which is extreni 
brittle, is formed upon cooling. This eutectic structure cannot be brol 
up by annealing and is always a source of trouble. 

There have been several theories advanced for the selfharden 
properties and so-called red hardness of high speed steels, none of whi 
are entirely satisfactory, but all of them have their adherents. To sh 
the trend of opinion the following theories of self hardening and 
hardness are enumerated: 


1. Bohler—‘Wolgram & Rapidstahl”—Wien, 1904. 

Austentite pearlite transformation is suppressed with increas« 
chromium and tungsten and furthermore the higher the initial t 
perature the greater the suppression of this point resulting in event 


lowering below the room temperature. 
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ame 


FIG. 9—-ARMOR PLANER UTILIZING HIGH SPEED STEEL TOOL 





THE METALLURGY OF HIGH SPEED STEEL 


Osmond—Paris. Chromium and tungsten lower the carbon con- 
f pearlite, making steel of 0.60 to 0.80 per cent really a hyper- 
rectoid steel, and furthermore prevent separation of cementite, so that 
rate of cooling has little effect. An increase in the carbon content 
alts in the lowering of transformations, so that by varying the amount 
carbide in solution, that is, by heating to higher temperatures, these 
nsformation points are lowered to room temperature with an austent 
structure resulting. No particular explanation of red hardness is 
3. Carpenter. Tungsten and chromium promote retention of the 
nitic structure due to lowering of the transformation points cooling. 
drawing, austenite is converted to martensite with the result that 
temperature of 1000-1200 degrees Fahr., high speed steel is 
rbon steel at ordinary temperatures. 
4. Edwards—Manchester. 
\—Formation of tungsten carbide at 2200 degrees Fahr., and sol 


“% 


as hard 


of this carbide at 2350-2400 degrees Fahr. 
B—Assumes that chromium combines with carbon and goes into 
ution at once on passing Ac range, but that tungsten does not go into 
iticn until temperature of 2300-2400 degrees Fahr., is reached. The 
mium is responsible for air hardening properties of the steel. Td- 
rds accounts for red hardness as follows: Upon drawing a straight 
mmium alloy, there is a gradual decrease in hardness, while on draw 

straight tungsten alloy there is an increase up to 1000-1100 degrees 
ir., and then a decrease, therefore complete solution of tungsten 1s 


i 


essary to produce secondary hardening. 


5. A theory which seems plausible would be a combination § of 
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at high magnification, a structure of the matrix resembling very 
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ferrite. 


l-urthermore, 


chromium 
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prevent separation of cementite, so that the rate of cooling has lit 


effect. 


An 


increase 


in carbon 


CO 


ntent 


further 


lowers 


the 


transformati 


range, so that by heating to high temperatures and obtaining a comp! 
solution of carbide, the transformation range 1s 


Tewicty 


not 


found an 


mained practically 
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thus accounting for the long time a high 
Commercial 


before 
shown 11 


failure. 
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applications 


has 


the red hardness is due to the conversion upon h 
structure to martensite, which theoretically 
and which many investigators have found to be the case. 
author has 


found 


lowered 


ealtil 


below ri 
temperature, resulting in the austenitic or polygonal structure whet 
cooled rapidly or moderately slow. 


IR 


of the 


increases the hard: 


that the 


» h 


Personally, 


ardness 


the extreme sluggishness \ 
which the carbide goes into solution upon heatingyit is natural to supp 


ot solution just as sluggishly upon reheatin; 


speed tool will run at red hi 


ot high 


speed 


tool 


steel 


As a practical result of high speed steel we need only look arou 


the manufacturing establishments of 


has been the result of a 
the machine tool manutacturer, 
spectator. The supremacy 


first, one having 


facturer. 


ness is not dependent on carbon and which is unaffected by heat is th 
tool. The realm of alloys has yet only been touch 
since the number of alloying elements available and the possible com 


coming high speed 


a tool steel capable of higher speed than the machi 
would stand, and the other retaliating by building a machine of amp! 
strength and free from vibration which would withstand a speed capabl 
of burning up the tool. At the present time, the manufacturers of machin 
tools leading, and the 


next 


contest 


has 


adv: 


with 
alternated 


ance 


today 
plants 20 years ago. The development of the present rate of product 
between 
the 


must 
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interest 
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Personally, the author believes that a cutting alloy whose hv 


binationus will give an infinite number of resulting compositions out 


which can be found, one alloy or range of alloys which will have thi 
toughness and keenness of steel and the heat-resisting qualities, or red 
hardness, of the present day nonterrous alloys. 


Manu 





| REATME)D Of HIGH 


HEAT TREATMENT OF HIGH SPEED STEEL 
By J. L. Thorne 


TR art of heat treating high speed steel is the most important branch 
ff the cutting tool industry of today. It is even of more importance 
good steel, careful designing, or of any other individual step in the 
ess of manufacture for the reason that heat treating is usually one of 
last operations, and all the good qualities that a tool might have pos 
ssed are readily destroyed in a greater or less degree by improper heat 
tment. Realizing the importance of this operation, close attention 
uld be given to every detail which will enable the 
iable results. 

Steel being the raw material from which all tools are made should re 
ve careful study and that grade which is best adapted for the particular 
in mind Many steels on the market today have adopted 
is practically a standard chemical composition. 


operat ir to insure 


“pose selected. 
| Chis composition was 
lected because for standard work it has proven itself to be good. However, 
us not make the mistake of being too conservative by refusing to try any 
wv steel or alloy which may possess merit to a high degree. 
ating point 


rom the heat 

of view, it does not matter by which process the steel is made, 

ther the crucible or electric. Both methods make good and poor steels, de- 

peuding entirely upon the skill and knowledge which are used in its manu- 
cture. In a general way the chemical composition of high speed steel is 
follows: 


Per cent 
0.60-0.70 
0.20-0.30 

0.025 maximum 


Carbon 
Silicon 
Sulphur 


Phosphorus 
Manganese 
Chromium 
Vanadium 
Tungsten 


0.025 maximum 
0.25-0.35 
3.25-4.00 
0.25-1.00 

16.00-18.00 


Before going further, it might be 
dilfierent elements upon the steel. 


well to consider 


the effects of these 


silicon when too high causes a brittleness by forming a silicon of iron 
hich 1s not appreciably dissolved in the steel and acts in much the same 
nner as any foreign inclusion. 

Manganese is of great benefit to the steel, in that it readily combines with 

sulphur and reduces to a minimum the damage this element would do if 
it to combine with the iron. Manganese, however, is nearly always in 
ess of that needed to combine with the sulphur and the remainder unites 
th the carbon to form manganese carbide which is one of the compounds 
hich in part hardens tool steel. 


Sulphur, if left uncombined by the manganese would form a compound 
h the iron which would be of a very: brittle nature. 


As stated before, 
wever, it is seldom in excess of the manganese and is injurious for the 
ison that manganese sulphide does not enter into the solid solution, but 


arates out as an inclusion in the steel. Sulphur causes steel to be brittle 
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when hot, and if too high it is impossible to work the steel through the 
ing mills and necessarily scraps the ingot. 

Phosphorus unites with the iron to form a phosphide which often se 
gates an d causes the other compound, such as the carbides, to becom 

ited, and 1 it is said LO be one of the chief causes of ghosts lines in ‘ 
P Cuiiedee as causes the steel to be sensitive to shock. 

Chromium does not materially alter the critical range, although it 
been claimed to slightly lower the upper critical points. This element 
conjunction with the carbon is mainly responsible for the extreme hardnes 
high speed steel. It is very influential in causing the steel to be hard 
relatively slow cooling after being heated through the critical range, an 
also imparts a secondary hardness on being reheated to a temperature uw 
the critical range. 


















































Vanadium was originally used as a scavenger of the steel to remov 
tlie slag impurities and to reduce the amount of nitrogen held occlude 
tle steel. ifowever, it is now proven that this element adds some very 
sirable qualities to the steel. It increases the elastic limit and greater res 
ance to wear and shock, allowing the steel to have a higher cutting rate 
properly heat treated. 

fungsten slightly raises the critical range and unites with the carbo: 
form a double carbide. ‘This element increases the desirable effects 
chromium and imparts the high degree of red hardness which 
high speed steel so valuable. 

While this does not begin to exhaust the effects due to these various 
tients on the steel, it, in a general way, gives some idea of what the ste 
composed and why the various elements are added. It also explains why 
tool manufacturer lays as much stress as he does on the importance of | 
chasing steel of a specified analysis. On the whole the chemical analysis 
the steel has no direct bearing on the heat treatment it will receive, aside { 
the fact that these various elements cause a change in the position of 
critical range. ‘The critical range itself is of secondary importance. 
main fact which the heat treater 
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should know is the temperature necess 
to cause the various elements to enter into the solid solution and for 
homogeneous compound. The following treatment is for the usual high 
steel on the market and as the composition varies 
percentages of alloys, the heat must be varied to meet the new conditi 
With high speed tools which are cast to shape the heat treatment is 
together different in every way, from that described. It was because of 
trying to heat treat cast tools in the same manner as we had formerly | 


treated tools made of bar stock that we had encountered many failures 
very uniform results. 


for heat treating was worked out. 






















































































inay cause even with a high-grade metal, 


it may be well to give some of 
results resulting from the usual h 


eat treatment given high speed steel’ on « 

















ferent method. 











steel we found, as did m: iny others, that breakage was very high, @ue to ha 
ening strains and to the reason that cast tools do not have ‘ine fibrous st! 


ture ‘that steel which has been hammered and rolled has, and, of course, if 
corrective measures are taken, is of a brittle nature. 

















This has been overc: 
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with higher or loy 


After a careful study of our cast tools, a new met! 


To illustrate some remarkable instances of what improper heat treatm 


tools and compare them with the results now obtained using an altogether 
In heat treating tools cast to shape as ordinary high spe 


by heat treating and in course of time, when some existing experiments h: 
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/ 


completed showing the relation of cutting ability to results from im 

+ tests, tensile strength and elastic limit in conjunction with the hardness 

the tool, we hope to present this information for your consideration 

ven with our limited knowledge of the cast iron tool industry, we have 
tained cutters which will uniformly do the following work—a 6 x 1-inch 
ling cutter was used and the material cut showed a shore hardness of 38, 

speed was 83 revolutions per minute or a cutting speed of over 130 feet 

minute, depth of cut l-inch feed, 16 inches per minute. ‘This means we 
remove 16 cubic inches per minute, or one cubic foot in little over one 
ur and a half. 

Heat treating of commercial high speed steel consists essentially of first 
eheating the tool; second, raising it to the high temperature; third, quench 
v, and fourth, reheating, drawing or tempering. ‘lo accomplish these four 

rations successfully the form of the furnace should be carefully con 
dered i) its relations to the type of the tool tO be hardened. For the pur 
se of this article, we will take into consideration such tools as are properly 
ardened in an oven-type furnace. This would include all milling cutters, 
ides, forming tools, etc., which are to be hardened all over. 

he purpose of preheating is to raise the temperature to some point be- 
wv the critical range, so that on its introduction into the high temperature 
rnace, it may acquire that temperature as quickly as possible. While it is 

necessary to leave the tools in the preheating furnace for some little iime, 
ire must be used that as small an amount of scale as possible is formed on 
e tool. The reason for -this is that the scale when heated to a relatively) 
igh temperature is reduced again by the carbon of the steel and causes a 
carbonized surface. There are many cases where steel has been con 
iemned for this soft or discarbonized surface which was entirely due to an 
nproper atmosphere within the furnace, this causing the scale. It has been 
found that the smaller tools of delicate shape could be preheated to high 
mperature as 1700 degrees Fahr. with good results, as it is not necessary 
hold these pieces in the high temperature furnace for as long a time as 
uuld be necessary had the temperature been lower in the preheating furnace. 
1 general, experience has proven that the higher preheating temperature 
vives better results than by following the older methods which use ap- 
roximately 1500 degrees Fahr. for all preheating work. 

The main points to be considered in the preheating furnace are: first, 
iniformity of heat; second, temperature to which the piece is to be raised; 
ind third, the atmosphere within the furnace to obtain the least possible 
mount of oxidation of the tool. In preheating the tool, it should be 
rought to the temperature slowly, as this will eliminate the danger of 
hecking the steel due to the uneven expansion of the tool. This is especially 
true of tools which are not of uniform cross section. From the preheating 
furnace, the tool is now transferred as quickly as possible to the high tem- 
erature furnace. 

The object of the high temperature furnace is to cause the various ele- 
ents in the steel to enter into a solid solution in the quickest possible time. 
he reason for haste is that as soon as the steel passes the critical range, 
rain growth sets in and the smaller we can keep the grain aad at the same 

time acquire a homogeneous solution, the better service we may expect from 
he tools. Excessive grain growth causes brittleness in the tool and drawing 
ven at high temperature cannot correct this, although it may mitigate the 
rittle nature to some extent. On account of this grain growth, the preheat- 


ly 
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ing should be as high as possible but lower than the critical range and 
temperature of the high heat furnace considerably higher than that to wl 
the tool is to be brought. For ordinary high speed steel a furnace temp 
ture of not less than 2350 degrees ahr. and as soon as the operator 1s 







this should be raised to 2375 degrees ahr. or even higher. At this 1 


perature the steel would soon be destroyed if left for any considerable ti 
and must receive careful attention and removed the instant the fine cut 
edges acquire the proper temperature. The usual method to determine 

proper time to remove the tool is to watch for the metal to sweat or sn 
bubbles to appear on the surface of the tool. This method is good, but 
better way for the careful observer is to watch the thin section of the 
and when the tool is ready to be removed a faint but noticeable intensity 
color is observable. 







This increased intensity lasts but a very short time ; 
if not observed, there is danger of the tool being overheated. It resembles 
many respects the recalescence of plain carbon steel and is no doubt du 
to some changes taking place in the steel. The tungsten carbide will go i: 
solution at a temperature much lower than has been recommended in this 
paper, but it is sluggish and to get it in solution takes time, allowing grai: 
growth, although for the heat treater who has had little experience wit 
high speed steel it is no doubt safer even if it is at the expense of the cutting 
ability of the tool. 


























It is of prime importance to heat cutting edges to get even uniformity, e1 
‘lo accomplish this, it is necessary to resort to many little tricks. All tools 
should be moved so that both sides shall attain the same temperature and fo: 
milling cutters, the writer has found that a block of pure nickel upon whic! 
they may be placed so that the cutting edges extend over the edges of thi 
block assists in bringing the tool to a uniform heat. Tools which have a 
large and small cross section may be brought to heat evenly by protecting th: 
thinner sections with asbestos for a portion of the time and removed so that 
all parts acquire the temperature necessary at the same instant. Angula: 
cutters may be placed with the thin section next to the hearth bottom and ar 
thus protected by their own mass and the thin sections are the last to acquir 
the necessary temperature. 

Where many pieces are treated daily, the scale from the tools falls to th 
hearth and in the high temperature soon fluxes with the hearth to form a 
thick slag which does not help in heat treating and more often damages tli 
fine cutting edges by promoting fusing of the steel. This slag often adheres 
to the tool after quenching and when it is sand blasted enough to remove this 
slag the cutting edges often suffer. When the hearth gets bad a sheet of 
asbestos covering the hearth will help considerably, although it requires re- 
newing almost daily. In connection with the hearth, it has been found that 
carborundum 1s .much better than the ordinary fire clay. The cost-is two to 
three times as much, but gives nearly ten times as much service. In om 
heat-treating room the bottoms made of fire clay lasted on an average ten 
days. Carborundum hearths were tried and they gave better than three 
months’ service. This, when the time lost in renewing the hearth is tak 
into consideration, more than paid. 












Another source of trouble in the high temperature furnace is protectio' 
tubes to withstand a temperature of 2300 degrees Fahr. or higher. Most of 
the alloys on the market fail to stand up for any time at all and the refracto: 
tubes have numerous faults. In the first place, it is hard to introduce a nm 
protection tube into a hot furnace without first preheating on account 0! 
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‘kage, due to the expansion of the tube. Even when put in a cold fur 
and brought up to heat with the furnaces, they sometimes break for 
reason. Another bad feature is that they are easily broken by being 

wk by the work in the furnace. As a substitute for the various protection 

es on the market using pure nickel tubes made from nickel bars with the 
drilled or bored 1S suggested. Cast nickel tubes were tried and while 
were far superior to any that had been used before, they gave jess than 
the service the bar tubes gave and were more or less porous. ‘he bar 

es have given service for three to nine months where the temperature 
was from 2350 to 2385 degrees Fahr. 


(he tool having been brought to the desired temperature and the steel 
¢ in a solid homogeneous solution, it 1s necessary to quench the tool so 
it is cooled quickly, thus the complexed hardenites do not have time to 
irate out and acquire that form in which the steel would be soft. For 
itely for the heat treater this takes place in high speed steel at a com 
aratively slow rate and even cooling in air is rapid enough to retain these 
denites in the form that will render the steel hard. However, to follow 
s practice a large amount of scale forms which reduces the size of the tool, 
uses pitting and in many ways impedes subsequent operations, however, it 
still sometimes used, more especially in europe. To overcome these ob- 
ections the tools formerly were immersed in oil when removed from the 
ish temperature which cooled fast enough to keep the steel hard. There are 
many objections against the use of oil, however. Some of these are: Kirst, the 
oil often takes fire when large quantities of hot metal are quenched and unless 
<pensive cooling devices are installed is dangerous. Second, the oil cools the 
tool too quickly and often causes the tools to check, especially when of un- 
even cross area. This is is especially true if the oil contains moisture and wate 
{ten gets into the oil from the water jackets usually employed to keep the 
cool. Third, the oil becomes -spilled or drips off the tools when they are 
removed and in this respect is dirty and causes the floor to become slippery, 
hich is dangerous to the workmen. For these reasons as well as others 
not mentioned, heat treaters have discarded oil for high speed steel to a large 
extent and have substituted various salt baths which have a relative low 
elting point and are soluble in water. This bath should be kept at a 
temperature of about 1100 to 1130 degrees Fahr. The merits of this method 
} quenching eliminate the danger of checking the steel as the change of 
temperature from the high temperature furnace to that of the bath is not 
s great as in the case of oil and the amount of contraction and strains set 
in the steel is correspondingly less. The heat is conducted away from 
the tool more slowly in the salt bath than in oil, but fast enough to retain 
he hardenites in their proper form. As soon as the steel has acquired the 
temperature of the bath, it is removed and allowed to cool to some point 
below 650 degrees Fahr. 


1 


[he tool is now hard but contains the strain set up in quenching and the 
red hardness has not been brought out to the maximum. 
sults it is necessary to temper or draw the tool. This may be done in the 
ne salt bath or one kept especially for the purpose. Experiments conducted 
ietermine the proper drawing temperatures showed the following results as 
temperature of the draw increased from 350 to around 700 degrees 

the scleroscope showed a decrease in hardness. 


To get these 


rh 


Krom this pot up ‘to 
1200 degrees Fahr. the scleroscope showed an increase in hardness 
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with the increase in temperature. Some metallurgists attribute this t 
fact that it is during this latter range of temperature that the red ha: 
of high speed steel is developed. While the scleroscope showed the st 
be harder at, say 1100 degrees Fahr. than at 700 degrees, a test made y 
file showed the tool to be softer. On actual cutting test the higher dr: 
temperatures always gave better results. This shows conclusively that 1 
scleroscope nor the file alone will give any indication of what a tool w 
in actual cutting tests; but if they are used together they will indicat 
large extent just what may be expected of them. For general purpose a ( 
ing temperature of 1130 degrees ahr. is recommended, but if the operat 
cositive that his temperature ‘recorders are correct, this drawing temper: 
may be carried up to 1175 degrees Fahr. Exceeding this temperature 
much again causes the steel to become softer until the annealed c 
tion is approached. 

In conclusion it may be said that with care in handling and with 
liable pyrometer equipment, anyone should be able to heat high speed 
and obtain creditable results. The quenching and drawing in molten 
eliminate many of the dangers which formerly followed the old practic 
using oil for these two operations. Lead baths have been used as a meai 
drawing, but on account of the lead adhering to the tool, particularly 
be scale on the steel, and the difficulty of its removal makes its oi 
doubtful one. Lead is also rather too good a conductor of heat to b 
ideal bath for these operations. ‘The exhausted cyanide bath will an: 
very nicely for both the quenching and drawing baths. 























DISCUSSION OF MR. THORNE’S PAPER 


MR. REARDEN: What would you consider in drawing would b 
proper temperature for the bath in oil? 

MR. THORNE: Personally, I would not use oil. I would use a | 
at approximately 1100 degrees Fahr. for quenching. 

MR. REARDEN: Suppose that is not available. 
oil? 






Suppose you ust 











leg rees 








MR. 


THORNE: 
Fahr. 


[ would have the temperature of my oil 


at 


least 









MR. REARDEN: What would be the final point for a cutter « 
three-quarters inch in diameter, 4 inches long? 

MR. THORNE: I would say, off-hand, 1130 degrees Fahr. depend: 
of course, on the initial heat. If you have the tungsten entirely in soluti 
1130 degrees Fahr. and perhaps even higher would give very good result 

MR. KANE: In protecting the thin parts of tools will it be a whol 
easier to take a cold bar and hold over the part you want to keep di 
where it has a tendency to heat faster, instead of wrapping with asbestos 

MR. THORNE: It all depends on the shape of the part that you 
trying to protect. Any method that will hold the heat back. It was not 
idea to wrap the piece, but simply laying a piece loosely over it in protect 
it, I have often found even that simple method would hold the heat b: 
but any other method that would hold the heat back, if you can spot 
heat with a rod or anything of that sort would answer equally as well. 


main thing is to get it to come to an even temperature at the same time, 
before quenching. 
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TREATING 
VOLUME CHANGES IN THE HEAT TREATMENT OF STEE 


By Leslie Aitchison 





Cl GES of structure occur during the heating and _  cooli 


teel are of great, in fact essential, importance, and are the 
il facts underlying the possibility of the changes in mecl 














perties which can be brought about by heat treatment. Without 
too far into the subject it may be desirable to mention the most es 
features of the changes which occur. If a carbon steel is heated, a 
lefinite alteration occurs in its constitution when the steel reaches a 
ermined and fixed temperature or very narrow range of tempe! 
he change which occurs at what is known as the “lower critical” o1 
bon change” point, which is found at a temperature of about 730 d 
Cent., consists of the formation within the steel of a solid solutio: 
rdinary temperatures the steel, if it has been cooled normally, 
tains a constituent known as pearlite, which is a mixture of fixed prop 
of iron and iron carbide 


When this mixture is heated to the lower critical change point 
ransformed from a mixture into a solid solution. The two constitue: 
e mixture, iron and iron carbide, mutually dissolve one in the ot! 
produce a solution of iron carbide in iron. The transformation takes 
it a definite temperature and occurs almost instantaneously. The res 
solution is a true solution, and the only difference between it and, f 
stance, a solution of sugar in water, is that the latter is liquid ai 
former is solid.. If the solid solution is heated to a higher tempe: 
than the critical point, it will dissolve into itself whatever other const 


it 







+} 









may be present in the steel either excess iron (ferrite) or excess 
(cementite), until finally, when the upper critical point is _ reache 
hole of the steel consists of solid solution. 









Che changes produced in the steel by heating, of course, hav 
iderable effect upon the mechanical properties of the steel, particul 







is cooled rapidly from a high temperature. There are other cl 
however, which take place in the steel as a result of the constitt 
hang s described above, and these are related to the volume of tl 


Che solid solution which is formed at high temperatures has a di 


L 





pecific gravity from that possessed by the mixture from which it is 


i 


lhe steel in passing from the condition of a mixture to that of 








solution contracts and occupies a definitely smaller volume while in th 
ff a solid solution. Similarly. when the reverse structural chang 
place, there 1s an opposite volume change, an expansion, since the 
occupies a larger volume than the solid solution. 


It must be made perfectly clear that these changes of vobhum« 


iccompany the corresponding changes of str 


icture and that they ca 

suppressed or eliminated. Thev are essential properties of the steel 

whether the steel is cooled rapidly or slowly, the volume change 
occur, provided that the constitutional changes take place also. 

The changes of volume described above necessarily occur at the 








temperatures. Before proceeding to discuss what these changes m 
is desirable to mention that during the heating and cooling of. steel 
volume changes take place ‘These, of course, are the comparatively 


Reprinted trom heat treatment bulletin No. 24, June, 1920, Automatic & 
Furnaces, Ltd., London, Eng. 
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ilar changes ot lume which occur when steel is heated le 
‘-dinary thermal expansion and contra s well kno ) 
al steel expands when it Is hea ed s he 
Moreover, the extent of the expansions an t 1 is 
-e or less regular over the whole rang* tempet ire betwee 
ees Cent. and the critical temperature lhe normal change 
refore, that when heated to any temper e steel expand 
] led it hntracts Lhe bnormal cha wes due | tne ilte1 
structure mean that a steel contracts whe leated through 1 
emperature and expands when cooled. In er words, the ab 
id the normal volume changes act in opposite ways. The natur 
mplete changes is shown in Fig. 4, which represents all the alter 
volume which occur when steel is heate led from room 
ture to 1000 degrees Cent. 
above facts have a very considerable influence upon the heat 
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It is well known that all steels do not harden to the 
same ease. Some steels have to be cooled in 

others again will harden if cooled only in air. 
conclusion that every kind of steel has its own particular critical rate of 
ing which must be achieved or exceeded the 


ic 


really profitably, how 
of treatment rather more 
heat treatment operatio1 
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steel 
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yeratures 


ALTERATIONS IN VOLUME WHICH OCCUR 
ROOM ‘i ) DE 
CONTRACT 


l 


is affected seriously by volume changes is the hardening process. 
process, aS is well known, consists in the more or less rapid cool- 
the steel from a temperature as near as possible to its upper critical 
At this temperature the steel consists entirely of solid solution, and 
iim of the cooling process is to retain this 
during the time that the steel cools to atmospheric 
ss this result is achieved, the steel is not hardened properly. 


lid solution more or less 


nor 
water, others in oil, 
These facts point *o 


is to be hardened. 
solution 
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It is equally well known that during the cooling of a piece of st 
for that matter of anything else, 


than that 


tl 


of 


1¢ 


exterior, 


and 


the 


rate 
therefore, 


of cooling of 


th: 


if, 


when quenched may cool on the outside at a speed equal to 


critical 


terior of t 
sequence, 
side of 


above facts are quite 
hardening. 
It is now time 


rate 


the 


he pa 


par 
existed in the interior of the part is decomposed either 
pletely according to the 


rt 1S 
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to inquire 


intact 


depth of 
familiar 


during th 


under the 


of cooling required to harden the 
same piece cools at a rate lower than the critical. 
hardened and the 


Ss & 


te 


steel, 
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Or 
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greater 
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result is that 
interior is not hardened. 
the solid solution which existed at high temperatures on th: 
remains 


but 


“mas 


rior 


OT 


As 


that 
partially 
the particular point below the surface 
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OT 


in what way the volume changes which 


effe cl 


during the heating and the cooling of the steel affect the steel during ha 


ing. It may be said at once that the only volume changes which affe 
steel in any adverse way are the abnormal changes occurring at the 
temperature in consequence of the alteration of the structure of the 


The ordinary volume changes due to normal 


tion have no detrimental effect upon the metal. Imagine the case of 
of steel, either spherical or cylindrical. In the latter case, imagin 
cylinder to be very long, sufficiently so that by concentrating 
upon the steel at the middle of its length, the effects of the ends 
cylinder may be neglected. When the steel is hot it is at a uniforn 
perature throughout. Let it be taken out into the air and allowed to 
as it will. There will be at any time a gradient of temperature fio: 
inside to the outside of the piece, so that every layer will be slightly 
than the next exterior layer and slightly cooler than the next 


layer. 


lower critical point. 
part 


every 


layers alw 


higher temperature, 


of 


avs C 


the steel 
ontracting 


will 


will have 


upon 
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inner because 
contracted somewhat less than they 
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layer. 
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go through 
After 
through the complete change, the outermost layer 
the critical temperature and therefore has a volume distinctly less tl 
had at the time that it passed through the critical volume 


to 
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Suppose that the cooling starts from a temperature well abov: 

During the time that the steel is above this temperatu: 
uniformly, 
latter 


a 





atte 


temperatu: 
gain 
volumetric 

similar 
lay 


volume may be indicated satisfactorily by the position X on the dia 
in Fig. 2. A layer a little deeper in the specimen will have a volun 
dicated by the position Y in the figure. When the temperature 
steel has fallen a little lower, the volume of the outside will be say 
and that of the deeper layer will be Y*. In other words, the outsid 
contracted a little and the inside has expanded. This is bound to 
that the outside of the part is stressed to some extent. The value 
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rs trom the mass effect during hardening, 1 
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probably be quite small, since the steel 1s cooling normally and 
likely to be done. Nevertheless, some stres \ cessity will bi 
on the outermost layer of steel 
next condition to consider is slightly difterent. Suppose that the 
; juenched at a rate sufficiently high to harden the steel this mean 
rate of cooling is high enough to retain the solid solution intact an 
‘nt it from decomposing. [Each successive layer ot the steel, there 
voids the expansion, and the only change that will occur will be that 


i 


the ordinary normal thermal contraction of the part Suppost 
er. that the steel suffers from mass effect and does not hard co 
through. There will be abnormal volume changes in one part ai 
another part ot the piece ot steel. 

the outside there is no structural change and as a result no abnormal 

alteration. In the interior both structural change and consequen 
e change occur. It will be well, therefore, to examin re closely 
sults of these alterations 

ice the outside of the material undergoes no structural change, its 

particularly at temperatures near to the critical point, will be very 
less proportionately than the volume will be if it has undergone a 
| expansion. On the other hand, the interior of the part in which 


ictural changes have occurred will have expanded, 


ior layers pass through the critical range, an 


layers at the critical temperature more than it woul 
al contraction had not taken place. 


a considerable stress on the outside nonexpanded layers. The stress 
put upon the steel on the outside will be greatest at the time that 


1 will not 
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stress upon the outside layers of the steel, particularly intense at th 
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hing may be very considerable. 


of steel during quenching. 
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There can be no doubt 
s which are mainly responsible for the produc 
is essential, therefore, 
should be taken to avoid the production of the stresses. 


hrough the 
up in the exterior layer durin; 


critical point 


and consequently 


he temperature has fallen almost to the atmospheric. It must be re 
red also that since the whole piece of steel is being cooled rapidly 
mperature of the outside layer will have fallen to quite a low value b 
e that the interior portions have fallen to the temperature of th 
point. This means that the outside laver will have contracted con- 
ly in accordance with the ordinary laws of thermal expansion and 
‘tion, and consequently will feel the effect of the expansion of the 


— 
norma! 
The result of the contraction of 
itside and the expansion of the interior will be the exertion of 
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By Paul E. McKinney 


IS a notable fact that in the discussion of heat treatment p; 


. . . * . . . : 
most authorities and writers give prime consideration to the qu 
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OBSERVATIONS MADE IN THE HEAT TREATMENT OF Oo 


for analysis are limited to these points alone with the minimum co: 
ation given to the numerous other factors which have a very m: 
bearing on the subject of heat treatment. 
that the analysis of the finished product and the surface condition 
billet or bar of fabricated steel does not tell the whole story as 


quality of the material. 


Manufacturers of 


Yet the heat treater has not given the 


consideration to many of these factors which are not apparent fr 
results of analysis or a general examination of the material but 
have a distinct bearing on the serviceability of the finished arti 


also the 


behavior of 


the material 


under heat treatment. 
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The basis for most specifications for steel touch lightly on mai 


portant characteristics but often lay 


limits of composition and is reasonably free from defects which 


parent to visual examination. 


as to discard from ingot 
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prohibiting slight deviations from standard composition, permitti 
acceptance as good material of anything which simply falls wit! 


Some specifications may have limit 
or other arbitrary requirements but the 


of metal studies has not reached the point where some conditions 


fatal than slight deviations in composition are specifically guarded ag 


While in the production of molten steel there are only a few 
esses utilized commercially, 
of practices in each process as carried out in different commercial 
are innumerable and the gradations in quality of product from \ 
plants are too numerous to mention, the production of some plant 


senting certain distinct characteristics as compared with the produ 


from other plants. A general examination of the product from 
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and degrees of 


these various modifications of steelmaking processes would result 
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material 
namely: Acid and basic steel. 
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Strong opinions exist regarding the s 


iority of one grade of steel for given purposes over another grade w 


consideration of the fact that there is well made steel and poorly 


steel produced by each process. 
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ind which are not apparent trom a casual exa 
reports of raw material are the following 
\lethod used in refinement of steel 
letallurgical control of conditions of slag 
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sehavior of the ingot during solidification 
tegardless of the process used, the production 
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| as are used for very ordinary commercial purposes and limiting 
ussion to such steels as are ordinarily used in the production 
ngs and other articles subject to heat treatment 
In the production of large forgings, such as are used 
ses, many factors entering into the steel melti | 
marked influence on the behavior of the material an 
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the molten steel up to the time of solidification 
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BSERVATIONS MADE IN THE HEAT TREATMEN 
21 OF ORDNANCE FORGINGS 743 


hich is not in perfect condition, will produce the inclusions of met 
loids which exhibit themselves during the heat treating operation as s 
alled ghosts, streaks, slag spots, flakes, woody structure, et It is 


elieved that a close analysis of the conditions under which the m 
1S produced will indicate beyond a doubt that such inclusions of metal 
loids are not due to mechanical impurities entering the ingot from the 
-dle but are due principally to the results of reactions w 

nmetallic impurities during solidification. The general tendence 


\ 
such impurities during forging is to form into different cleavage lines 
spots and streaks and, if sufficiently pronounced, will produce a lami 
ted condition with the laminations running parallel to the directior 

it the material has. been forged, rolled or worked. Many alloy steel: 
xhibit the effects of such inclusions to a much greater extent than 
arbon steels and show this pronounced lamination to an unmistakable 


eree, this being particularly true in the case of nickel steels or steel 
taining a rather high percentage of nickel. 


The effects of inclusions and conditions due to imperfect melti 


4 ix 
ctices are not noticeable in many grades of commercial steel such as 
stock, where test samp les either before or after heat treatment are 

iken s longituds inal specimens, on account of the fact that the tenden 


' 
acuaeaa after rolling is to elongate themselves in the direction of the 
ing Longitudinal tests on this material will generally exhibit as 

vod values as in the case of normal material, but a different stor) 
uld be told if tests could be taken transverse to the direction of the 

In tl 
finished forging gets its maximum s 
iS necessary to take 


ie production ot ordnance forgings, on accow 
tress in a tangential direction, 
test specimens from the forging in less tavorable 
ositions than in the case of commercial bar stock and similar mate 
als, and therefore, the effect of imperfect melting conditions 1s clearly 
vident. The mass involved in the average ordnance forging at best 
efeats the nicety of grain refinement and heat treatment which is pos 
ible in forgings of smaller mass and even under the most favorable con 
tions as regards raw material, it necessarily follows that with disturb 
ig influences, such as nonmetallic inclusions resulting from imperfect 
ielting practices, the difficulties involved are very materially increased 

During the recent war many reputable steel producers experienced 
vensive failures in the production of ordnance forgings, due to the fact 
lat attempts were made to utilize in the production of these forgings the 
ime general practices as had previously been followed in the production 

commercial forgings. Today it is becoming practically universally 
ecognized that the production of a high-grade forging, such as is re 
juired for ordnance purposes, cannot be made by the activities of the 
eat treater alone but starts in the melting furnace, and that without the 
est raw material, the heat treater cannot perform the impossible feat 

remaking the steel. While it is admittedly impossible to definitely 
pecify standard conditions under which each grade of steel is manu 
ctured, it is believed that a careful study by heat treatment engineers 
the history of the material from its origin would very materially assist 
clearing up many of the difficulties now experienced and that a move 


i 
1 


the . right direction would be made by the insistence on the part of 
‘at treaters in general of being furnished with data showing the entire 
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melting 
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ither 


the melting conditions were abn 
which in itself 
immaterial but actually most seriously effected the final 
teel. ‘These conditions be apparent to t 
ck after forging 
heat treatment 
<cessive without 
By a study of the condi 
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would be blamed as being faulty. Reject 
ions which are abnormal in this heat 
he slag and the analysis of the sl 
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THE THERMAL TREATMENT OF CAST STEEL 
By Alvin N. Conarroe 


rw. ) r ] ] ] p } ] 
I bli: RMLAL treatment of steel includes all of the thermal cond 
to which steel has been subjected from the time it has been 

: 


intil it is ready for shipment. If this treatment has been done wi 


he steel will be in the best condition to give good service unde: 
videly varying conditions to which it is subjected in use. Since 


steels are cast in some form before subsequent treatment, any defect 
onditions inherent to this procedure are more or less reflected in 
inished product. Thus, the subject of cast steel might be made to 
wide range, but in this article will be limited to those steels 
initially to their final form, and, since a large majority of steel cast 
ire made of medium carbon steel, mainly to hypoeutectoid steel. 
Steel is-essentially an alloy of pure iron, a ferrite, and a det 
hemical compound of iron and carbon, cementite. ‘Therefore, as the 
centage of carbon increases, the amount of cementite increases up t 
maximum solubility of carbon in iron at normal temperatures, whic 
about 1.7 per cent carbon. When steel in the liquid state solidifie 
forms a solid solution, or alloy. ‘This solid solution is termed aust: 
and is homogeneous in character just after solidifying. As the percent 
{ carbon increases the temperature at which solidification takes p 
s progressively lowered, following in this respect the general lav 
eutectic solutions. This progressive lowering of the freezing poi 
‘ontinued until the carbon content has reached 4.3 per cent, wh 
rises again. However, this per cent of carbon has extended into the 
f cast irons, to the eutectic ratio and is of no concern in the pri 
discussion. As the solid solution of iron carbide in iron cools furt 
certain changes or transformations take place which are manifested 
evolutions of heat at certain temperatures, causing a lag or breal 
the cooling curve of the material. The temperatures, at which t 
‘hanges occur, are called critical temperatures and a proper underst 
ing of their cause and position is important to the intelligent heat 
ment of steel. All plain carbon steels, containing up to 0.35 per 
arbon, have three critical points; those from 0.35 per cent carbo 
0.85 per cent carbon, two; 0.85 per cent carbon steels show but one p 
while those above 0.85 per cent show two points of transformat 


[hese points are referred to as Ar,, Ar., Ar,, Af ;-., Af 3--;, At 


\r,-,, the “A” meaning a point of transformation and “r” coming 
refroidessement, meaning cooling. 
In a similar manner to the lowering of the solidifying point wit! 


reasing carbon content, the two upper critical points are lowered as 
carbon increases, reaching a minimum and coinciding with the 


‘ritical point at 0.85 per cent carbon, rising again with increase of car 


content. On account of the similarity of these transformations in 
solid solution to the freezing of eutectic solutions, those steels cont 
ing 0.85 per cent carbon have been called eutectoid steels, those cont 


ing less carbon, hypoeutectoid, those containing more carbon, hy] 


eutectoid. Eutectoid steel consists of but one microconstituent, w 


examined under the microscope, and it appears as grains containing alt 


\ paper prepared for the Philadelphia Convention. The author, Al 
arroe is chemist, National Malleable Castings Co., Melrose Park, II! 
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rig Unannealed hypoeutectoid cast steel a 


ving deposition of ferrite along cleavage lines of crystalli 
steel approaching eutectoid composition. X 100 

Ss showing thin white ferrite lines marking STrain 
but cut from a segregated section. X 100. SI 


sing islands of manganese sulphide and manganese 


re in parts of pearlite areas, indicating segregation of eutectoid 1 rial. ig Pearlite 
i 


ypoeutectoid steel X 950 showing laminated structure ‘ig. 5 nderanneal hypoeutectoid 


teel X 100 Although the ferrite and pearlite are well distributed, ferr till retains pointed 


needle structure resulting from incomplete absorption. Fi; verannealed hypoeutectoid ste 


t 


\ 100, showing structure resulting from overheating and cooling s viy 1 t criti ra 


y Time te 


1 , nivgratior ot r 
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Fig Same condition shown in Fig. 6, however, metal has been strained before 
XN 100 Fig. 8—Structure developed by prolonged heating at fairly low temperature, 
slow cooling X 100. Note rounded appearance of ferrite, probably result 


critical range, 
trom surface tension in ferrite plates Fig. 9—Hypoeutectoid steel overheated and qu 


been unable to migrate to g1 


cooled in air X 100 Widmanstatten structure. Ferrite has 
10—Same co 


boundaries and is partially deposited along octahedral cleavage planes. Fig. 
tion shown in Fig. 9. \X 100 Here most of intersections form quadrilaterals while most 
tormer were triangular Both are true intersections of octahedral. Fig. 11—Well anne 
hypoeutectoid steel X 100 Note even distribution of ferrite and pearlite also small siz 
pearlite grains Kis -——-Another well annealed specimen slightly higher in carbon 


X 0 
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‘e laminations of iron and iron carbide. 
account of the similarity of its appearance to mother oi pearl, 

e percentage of carbon is below the eutectoid ratio, the metal consists 
iron, or ferrite and pearlite, when slowly cooled t 


to normal tempera 
when above that ratio, it consists of cementite and pearlite. Steel 


the molten state 1s nonmagnetic and when coolin 
nains in this state until the second critical point is reached, when it 
in becomes magnetic. ‘This fact, together with the marked dilata 
of the metal as it passes through the third critical point has led t 
conception of allotropy in iron, an allotropic form being defined as 
ng the same chemical constitution but different physical properties, 
her in .crystalline form, magnetic properties or 1 


@ after solidifying 


>! 


thermal expansion 
us hypoeutectoid steel abov the third critical point is said to consist 
solid solution of gamma iron and carbon. Between the third and 
nd critical points it consists of beta iron and carbon. and 


second and first critical point, of alpha iron and carb 


between 
on. 
rf 
lification, the molecules’ arrange themselves in the form of small 
tals at various points throughout the molten solution. These act as 
lei for further deposition of small crystals on further cooling of the 
lten metal, and a solid ground mass gradually develops throughout the 
lten material, which finally becomes entirely solid, when the solidus 
reached. Manifestly, since the axes of these small crystals are ar 
nged in different directions, the planes of cleavage of the resulting 
rains, or allotrimorphic crystals, will have different directions. Since 
ese grains have true crystalline planes of cleavage, but cannot take the 
rystalline form due to interference, they have been called crystalline 
ins and the cleavage lines are said to represent the orientation of the 
stal. Also, since it is conceivable that the small crystals will continue 
leposit about their various neuclei until there is no longer room for 
ther deposition of a complete crystal between the various allotrimor 
crystals, there must remain a small amount of metal which cannot 
stallize and must, therefore, remain in the amorphous condition. 
senhain claims that this amorphous metal acts as a cement between 
crystalline grains, thus accounting for the fact that rupture is nearly 
lways transcrystalline instead of intracrystalline. ‘The crystalline na 
re of the grains of steel is supported by studies of the effect of strain 
¢ metals beyond their elastic limit, thus giving rise to slip along the 
eavage planes. From these studies it has been shown that iron in the 
mma state crystallizes in octahedral or duodecahedral forms, while 
ta and alpha iron take the form of cubes. 


\s slowly cooling, molten, hypoeutectoid steel reaches the point | 


Since metal in cooling cools from the outside inward, the deposition 
‘rystals begins on the outside and extends inwardly. ‘Thus the crystal 
ne growth normally would be by layers progressively, but sometimes 
der slow cooling conditions a pine-tree growth is set up by the linear 
position of crystals, normal to the cooling surface. This growth has 
en called a dendrite and such steel is said to be dendritic. Since all 
‘ls normally contain impurities, such as phosphorus, sulphur, and man 
nese, these impurities would be deposited in the form of impure segre 
tes during the solidification of such a crystal growth. Phosphoritic 


~~ 


tal is particularly prone to dendritic segregation, especially when 
\ ly cooled. 
As hypoeutectoid steel cools after solidification, no change takes 
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place until the critical range is reached, beginning at Ar;. Upon p 
ing through this point, granulation begins and the excess substanc. 
solvent, ferrite, begins to separate out. If the cooling is  sufficie: 
slow, the ferrite migrates to the grain boundaries, if not, it is parti 
ceposited along the cleavage planes, the latter being the usual case 
steel castings. As the metal further cools, ferrite continues to sepai 
until Ar, is reached, at which point a change takes place in the aust 
grain, which is now entirely transformed into pearlite. The temperati 
at which these changes take place depend upon the composition of 
steel and rate of cooling, certain elements causing a lowering of 
critical point, and quick cooling considerably depressing it. M 
ganese and nickel are particularly active in depressing the lower cri 
point and, when present in large amounts, even depress it below 
atmospheric temperature. ‘These steels are, therefore, austenitic 
character, since they never reach the lower critical point in nomal cool 
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Upon reheating steel, which is pearlitic, no change takes place u 
the lower critical point is reached, when an absorption of heat t 
place and the pearlite is transformed into austenite. The point at w 
this occurs is considerably higher than the corresponding point on cool- 
ing, the difference being due to hysteresis and dependent upon the chem 
ical composition of the material. As the temperature rises further, 
gradual absorption of ferrite into the austenite grain takes place and th 
coarse grain structure is slowly broken up until the critical range is 
passed. ‘The steel again becomes nonmagnetic on passing the second 
critical point upwards and, upon passing the third critical point, is again 
homogeneous solid solution, providing the heating has been sufficiently 
slow for the completion of the reactions. The points at which thes 
changes occur have been called Ac,, Ac,, Ac;, Acs-3, AC,-2-3, AC,-2, Ac,cm: 
“A” meaning as before a transformation point, and “c” coming from 
chauffage, meaning heating. If the steel is now allowed to cool slowly 
anew granulation begins and on passing Ar,, ferrite begins to separate 
as before along the new grain boundaries. 


















If the temperature to which the steel has been heated is considerably 
above the critical range and cooling is sufficiently slow, granulation de 
velops rapidly and large pearlite grains develop through changes 
orientation of the small crystals. On further cooling, ferrite again sepa 
rates and migrates to the grain boundaries if cooling is sufficiently slow 
lf the rate of cooling is accelerated, however, on passing the granulatin ig 
range, the ferrite cannot migrate to the grain boundaries, but is deposited 
along the cleavage planes of the austenite grain, giving rise to the familiar 
Widmanstatten structure, so common to air cooled castings which have 
been overheated. Since this deposition is along cleavage planes, studies 
of the angles of intersection have given much information regarding the 
system of crystallization to which the allotrimorphic crystals belong 
Further slow cooling results as before in the deposition of more ferrite 
until the lower critical point is reached, when austenite is again chang¢ 
into pearlite. 

Up to this time, metal cooling slowly from above the critical range 
has been considered. If the rate of cooling is accelerated by quenching. 
time is not given for the completion of “the deposition of the excess 
ferrite and this remains dissolved in the austenite grain in Devine 
proportions, depending upon the rapidity of the fall in temperature. | 


the cooling has been very rapid, most of the ferrite is in solution 
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Fig. 13 —Structure developed by quenching hypoeutectoid 


steel. 
€s surrounding sorbitic grains Fig. 14—Hard iron as cast 


Hypereutectoid material, the excess substance being 
irtially through critical range and quenched. X_ 10(t 
g. 16—Hard iron heated to near solidus and quenc] 
sorption ot cementite and martensitic nature of 
g trom linear deposition of crystals normal to 
ghly phosphoritic. Fig. 18—Same material 


niin 


late dendritic structure X 100. 
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surface. X 100. Fig 
has not completely 
Fig. 21—More ghosts. 
X 100. Fig 
ferrite pl 
ferrite plates. X 100 
Sulphides and _ silicate 


developed normal to a _ curved 


Ghosts. Specimen has quenched but previous heating 
which appears as faint, hazy spots. X 100. 
1 region containing cavities due to occluded gases. 
sonims. Annealing has not caused the 
surrounded by 
ferrite. Fig. 24 


Fi dendrites 
broke I 


be eT 


dendritic structure 


have been developed in 
by presence of ah 
»3—-More sonims 


100. Fig. 2: 


Ferrite plating caused 
into solution. X 
have formed nuclei 
ferrite envelopes. 


go 
for deposition of 
X 100. 


inclusions 


manganese surrounded by 
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is hard and brittle. In tl 
lf martensitic material is reheat 
berated and the hardness diminishes 
tic in character. Still further ] 
und that the austenite grain 
is the sorbitic condition and 
ity combined with ductility is desired. Further heating up 
al point again leaves the steel in the pearlitic condition, which 
ilar annealed state and gives the highest ductility. 
(he annealing of steel castings for proper physical pri perties is com 
ted by the fact that no work is done on the plastic material, which 
ll assist in the breaking up of the crystalline 
be entirely eliminated by heat treatment. The result is that 
require a higher temperature and longer time to accomplish 
proper anneal would require that the castings be slowly heated 
point considerably above the critical range aa held long enough 
ure the penetration of the heat to the center. This, of course, is 
ted by the thickness of the section, and since most castings ha 
le sections, heating must be regulated partly by the thinnest 
vhich will be put under strain when a single anneal is desired 
per regulation of the temperature-time functions excellent results 
accomplished with a single anneal, but where the sections 
it is obvious that the lighter oe 
treatment has been accomplished i the 
he proper course is to give a Sabie 
l 


U 


leating 
has become amorph 


is the most desirable. where 


1 


erain structure, which 


Cast 


Ve 


s'¢ 


Are 
become overtreated before 
heavier. In cases of this 
anneal, first heating to a 
gh point to refine properly the heavy section, and then cooling 

7 - 
k up the secondary structure set up in the thin sections. In anneals 
his type, a fairly rapid cooling through the granulating range, fol 
| by slow cooling past the lower critical poiht, is advantageous 
count of the finer grain structure 


1 
] 


e lower critical point and reheating to a lower temperature 


generated. 
(hus far only pure carbon steel has been considered in our dis 
ion. However, all steel contains to amore or less degree certain im 
ties which are inherent to the method of manufacture. These im 
ties consist of gases, which remain dissolved in the solid metal, 
led occluded. gases; particles of slag from the bath or refractories; 
| reaction products of the deoxidizers used in the bath and ladle, 
ed sonims. 
When steel is in the molten state, it has a great solvent power fo! 
gaseous products of the furnace re: ictions and thus contains quanti 
es of carbon monoxide, nitrogen, oxygen, and some hydrogen in solu 
W hen the steel solidifies, its solvent power decreases and these 
‘es when present to marked degree, are liberated to a certain extent, 
rming cavities or blow holes in the pasty metal. Certain elements, 
h as manganese, aluminum, silicon, and titanium, when added to 
ither react with these gases to form compounds which pass away 
the slag, or increase the solubility of the steel for these gases. When 
ent in sufficient quantity to form considerable blowiness, these gases 
m to exert a local depressing effect upon the cri 
causing overtreatment of these areas when 
itment. This results both through their 
ing down of the area of the section. ‘The 


eSs 


tical point of the steel, 
given the usual heat 
depressing effect and the 
presence of these gases in 
leads to excessive shrinkage with all of its evils due to piping and 
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Fig. 25—Persistent ferrite segregation caused by numerous small slag particles. X 
Fig. 26—Same material as in Fig. 25 but containing few sonims. X 100. Note even dist! 
tion otf ferrite and _ pearlite. Fig. 27-—-Silicate of manganese inclusion at edge of ca 
Unetched X 100 Note slate gray color of inclusion. Fig. 28—Silicate of manganese inclus 
X 100. Metal has solidified about semimolten material causing it to become spherical in sl 


9 


rig Slag inclusions along grain boundaries. X 100 Typical of ferrous sulphide inclusi 


Fig 30) QOuenched material containing sonims. X 100. Note persistent nature of fet 


/ 
envelopes which show as thin white envelopes surrounding sonims in sorbitic background 
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king, where heavy and light sections join. The steel 
spoken of as oxidized metal. lt 1s found generally that where cx 
e shrinkage occurs, small] hair-like cracks are developed radiating 
ird from the pipe. With proper annealing these are sometimes 
nated, but if the pipe has an opening to the atmosphere, which occurs 
st cases, the surfaces of these cracks become 
be eliminated. Many times it is found that 


Is then gen 


oxidized and they 


the area mnmediately 
nding a pipe is decarbonized, due to the action of the OXygen ol 
ir drawn into the pipe upon the carbon in this area lhese cracks 
lecarbonized areas have a localized weakened condition, and 


while 
efited by heat treatment, are 


never completely eliminated. his 
tion 1s properly a furnace and foundry condition and should be 
nated there. 
[he slag inclusions and reaction products of the 
een called sonims, the wor 


netallic impurities”, 


“deoxidizers” have 

| being derived from the expression 

The churning action of the bath when boiling 

the metal when running into the ladle. causes a mixing of small 

globules of the slag and reaction products with the 

sulphide of manganese. probably 

Iron. silicates, manganese silicate. 
deoxidizer, of aluminum oxide. 

li the metal is not sufficiently fluid, or if 

these inclusions cannot rise to the surface with the main body 

i the slag, but remain suspended in the molten metal] as semisolids, due 

their higher melting points, and are carried 

the castings, where they form 


“solid 


steel. These con 
containing some ferrous su] 
and, where aluminum is used 


sufficient time IS not al 


] 
ved, 


with the stream of metal 
solid inclusions in the metallic 


Se 
[hese inclusions have very little strength in themselves, and thus 
much as cavities in reducing the strength of the section. However, 

e role played by these inclusions does not 


stop with the cutting down 
le sectional area, but it has been demonstrated that they probably 


mote a segregation of ferrite about themselves during the cooling 
m above and through Ar,. These inclusions are always found sur 
rounded by ferrite, even when located inside pearlite grains. These 
errite segregations form a ductile, weak spot and give rise to the faint, 
iZy appearing spots called “ghosts” appearing upon a polished and 
etched specimen, especially when complicated by dendritic structure, 
used by phosphorus segregation. A dendritic structure resulting from 

poorus segregation can be eliminated by prolonged exposure to a 

temperature, followed by quick cooling, preferably quenching. 

(n the other. hand, ferrite segregation ) 
Persistent and, while partially absorbed by prolonged heating to a high 
‘emperature, still shows a ferrite envelope Surrounding the sonims. even 

quenched specimens. The sonims, likewise, are unaffected in shape by 
ett treatment, and since they probably belong to the same System of 
tallization as alpha iron, offer good nuclei for segregation of fer 

Some experiments by Mahin have led him to think that ferrite 
vregation is promoted by a partial solution of the inclusion in the 

rounding metal, thus hastening the rejection of the ferrite through 
law of solubility. Manganese sulphide and iron sulphide are fre 
ntly found where shrinkage cracks occur and probably promote the 
mation of shrinkage cracks. due to the formation of intracrystalline 


caused by sonims is very 


| 


Steel castings often show slight defects which are removed by weld 
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_ Fig. 31—Junction a “‘scab’” to main body of metal. X 100. Note crack extending 
main body from point of junction. This acts much as a notch when put under stress. Fig 
Shrinkage cavity surrounded by a decarbonized area. X 100. Air drawn into cavity 
oxidized carbon in surrounding material. Fig. 33—Area adjoining a shrinkage cavity s| 
fine hair-like cracks extending outward from cavity. X 100. Stress applied to materi: 
caused slip along one of these cracks with resultant rupture and distortion of moving g1 
Fig. 34—Improperty -made weld showing cavity containing foreign inclusions. X 40 ; 
note gradation of structure from carbonless iron to overheated structure of normal 
Fig. 35—Properly made weld. X 46 Note smoothness of shading from carbonless iro! 
normal steel. Overheated structure shown leaves no doubt that welded castings shou! 


reannealed. 





f ‘ 


THERMAL! 


hese are generally in the 

is accomplished usually 
assume the liquid state, 

tylene torch, and flowin; 


> 


ect. Manifestly, the steel 11) 
te of unannealed castings and 
§ this kind an anneal which w 


material should be beneficial. Fairly quick cooling, so as 


he complete formation of lamellar pearlite, increase notch 

hich is greatest when the steel is sorbitic. 

concluding it may be said that steel castings can be refined by) 
reatment to possess physical characteristics comparable to forgin; 
nger and more drastic treatment is required. Defects inherent to 
eel are more pronounced in castings due to lack of mechanical 
ge, Foreign inclusions have a marked influence upon the strength 
steel casting, due to their segregating influence upon ferrite. ‘The 
cooling of castings after pouring exerts an influence upon the 
the crystalline grains and especially upon material which has a 
y to formation of dendrites. Dendrites can be eliminated by heat 
ent, but require drastic treatment. Shrinkage should be eliminated 
furnace and foundry practice. Welded castings should be re- 
led to remove strains and to properly refine the grain. 
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THERMAL AND PHYSICAL CHANGES ACCOMPANYING 
HEATING OF HARDENED CARBON STEELS 


By Howard Scott and H. Gretchen Movius 


I[DESPRIEAD interest which has been expressed recently 





properties of steel in the “blue-heat” range and in the sub 
“temper brittleness’ makes it highly desirable to study in det: 





transformations in steel below the A, change. In a previous papx 
authors have pointed out certain thermal characteristics of the 
netic change in cementite as observed in annealed steels by me: 
thermal analysis. In this paper the subject under investigation 
thermal change observed in hardened steels on heating below A: 










Outside of the possible bearing of such information on the 
temperature properties mentioned, there remains the desirability of 
lishing fundamental characteristics of steel. The one in question is 
particular value in that it may furnish a practical basis for defini: 
natural boundary between martensite and the troostite 
which from present information is very indefinite. 

« <A survey of the changes in some of the physical properties of « 
steels on tempering would, on account of certain inconsistencies, lead 

to doubt the existence of a sharp demarcation between the constituents 
martensite and troostite. Heating curves of hardened steels, how: 
have shown a well-marked heat evolution ending around 300 degree 
Cent. Such heat evolution would be expected from the usual co: 
tion of the formation of martensite; namely, that one or more 
transformations occurring on slow cooling are suppressed by quen 
The consummation of the suppressed transformation, or transformat 
is a manifestation of the completion of the constitutional change 
therefore, evidence of a boundary between two constituents, presumab 
inartensite and troostite. Whether the end of this heat evolution s 
be used to define those constituents the future will decide; the present 
work seeks only to establish its nature in a variety of carbon Steels 

its relation to accompanying changes in some of the physical prope 

In the literature some work has appeared on this heat evoluti 
hardened carbon steels. Osmond * and Maurer* have given inverse 
heating curves; Heyn and Bauer* and Portevin® have given different 
curves showing the phenomenon. 

The temperature values for the transformation are somewhat highe! 
than those obtained here. In general, the curve inflections are neither 
prominent enough nor the statement of operating details sufficient 
allow of a precise definition of the transformation characteristics. Als 
the effect of important variables has not been determined, This phi 
nomenon has been observed also by continuous measurement | 
changes in some physical properties on heating. Grenet* detecté 
inflection in the expansion and electric-resistance curves of a high-c 
steel, Chevenard® in expansion curves, and Honda® in magnetic-! 
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urVvecs. 


The magnetic curves are the only ones which seem to follow 
ly the progress of the heat change. Brush’ has made extensive 
ations on the heat evolution at ordinary temperatures in recently 


ned steels. He noted a heat evolution, greatest immediately after 


O95 Per cent C Stee/ 


Quenched from 800°C 


9 





ol Aneded 





tL - — - —__-_-__ —E 


Time interval in seconds 


JO «45 10 4§ 20 20 25 


Fig. | Inverse rate heating curves of hardened steel, showing ettect 


of rate of heating on Ac 


ening, gradually diminishing in rate with time and becoming 1m 
eptible after several weeks. 


The physical changes accompanying 
spontaneous evolution were very small in comparison with those ac 
panying even slight tempering. 


\While the present research is confined to carbon steels because ot 


sh, Bull. A. I. M. M. E. No. 153, p. 2389; 1919 
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their fundamental importance, it is being extended to alloy steels 
to obtain further light on the effect and function of the alloying ele: 

The inverse-rate method of obtaining thermal curves has bee: 
at the Bureau of Standards as the most effective and satisfactory n 


i 
? 


fer studying the transformations ‘n steel. Used in connection y 


V\ 


OPF5 Per cert C Stee/ 


Quenched in oll from 800°C 
% S 
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D oS 
S e 
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x 
S 
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| °C fer'sec. 
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srterval 17 secords 
20 /5§ 20 /§ /5 20 20 15 15 20 


lig. 2—-Inverse rat eating t of | ned steel, showing effect 


tempering for 
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atus already described® excellent curves can be obtained at the low 


ratures where the heat evolution under examination is found. ‘The 
ls of mounting size of sample, and operation are given in the above 
ice. A temperature interval corresponding to 20 microvolts on a 


um, platinum-rhodium thermocouple was used in this investigation 
he materials studied were seven steels of the compositions given in 
|. Heating for quenching, as noted on the curves and in the tabu 
results, was carried out on the prepared samples by introduction 
electrically heated alundum-tube furnace wound with resistance 
Charcoal was present to reduce oxidation, and a platinum, plati 
dium thermocouple was used for the measurement of tempera 
In tempering, the specimen was heated 30 minutes in an oil ot 












Table I 


RESULTS OF CHEMICAL ANALYSES OF STEELS INVESTIGATED 








Manganese Silicon Phosphorus Suly t 
Per cent Per cent Per nt Per nt 
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bath, as required by the temperature. ‘Temperatures below 300 
egrees Cent. were measured with a mercury thermometer. 
\ll samples of the quenched 0.95 per cent carbon steel not receiving 
quent tempering were run within from one to three days after 
ienching. All the other steels not tempered were run within from 
16 days after treatment, excepting the 1.01 per cent carbon and 
94 per cent carbon steels, which were run the day following treatment 


ne 


he principal phenomenon under consideration here, the heat evolu 

heating hardened carbon steels, will be designated as “Ac;,” a 

ion used by one of the authors® for the same phenomenon in a 
vh-allov. steel. 





Che thermal curves, taken to show the effect of several variables on 
transformation Ac;, are shown in Figs. 1, 2, 3, 4, and 5. For the 






tion of the thermal-curve data to tabular form, the temperatures 
e principal curve bends caused by the Ac; transformation were 

as denoted on the curves by B, M, and EK, beginning, maximum, 
nd, respectively. The rate of heating given is that just before the 
ining of the transformation. The values in the column of Table I! 
ked “Intensity” represent the difference in seconds between the time 
e maximum and at the end of Ac;, except in the case of the aus 
c steel, where they represent temperature drop. 
(he temperature of the maximum of Ac,, maximum temperature be 
lecalescence when that phenomenon was observed, is also given, but 
ating curves are not plotted to show Ac,, in order to avoid exces 
reduction of the curves on reproduction. 
ite of heating has a considerable effect on the temperature and 


? 


of Ac, for the comparatively fast rates required by thermal analysis, 






















nd Freeman, Bull. A. I. M. M. E. No. 152, p. 1429; 191 \l 5S. 5 r N $48 
ll, A.I.M.M.E. No. 146, p. 157; Feb., 1919. Also B.S.S Papers, N 
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as may be seen from the curves of Fig. 1, which were taken on th 
per cent carbon steel. The principal data taken from these curve 
plotted with rate of heating as the abscissas, in Fig. 6. It will be 
from this figure that the temperature characteristics of Ac; for 


095 Percent C Stee/ 
Quenched in oll fromm GOOT 
Tempered af KOOT Ternpered at RIOT 
. 4 Smn 30min. 60min. 5 min. 30min. 60min. 





Time interval in seconds 
4S 2O k§5 <0 15 #O aS £06 &F £6 &. BE 


Inverse rate heating curves, showing effect of duration of previous tempering 


iC 


rate are 155, 250, and 260 degrees Cent., respectively for the beginning 
maximum, and end of the transformation. ‘This appears to represent t!' 
progress of the transformation for a tempering time approximating 
nomal tempering conditions, probably about 30 minutes. From 
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pness of the beginning of the transtormati 
quenched steel is the equivalent of a steel 
then drawn in the neighborhood of 150 deg 


tes this interesting point: That for the 
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Inverse rate heating curves of austenitic iron-carbon alloy (1.94 per cent carbor 


case there is no appreciable difference between thermal characteristi 
an oil-quenched and of a water-quenched specimen. 

The heating curves represent the progress of tempering for a n 
sarily very short time at any temperature in the Act range. To show 
effect of holding for a definite time at several tempering temperatt 


on the characteristics of Ac;, heating curves were taken on specimens 


the 0.95 per cent carbon steel quenched in oil from 800 degrees ( 
and tempered 30 minutes at the temperatures given in Fig. 2 


Table II. 

rom a consideration of these data it may be seen: (1) That the 
ginning of Ac; is from 10 to 17 degrees Cent. higher than the tempe! 
temperature when that is above 200 degrees Cent.; (2) that the tr 


formation is completed at a temperature between 250 and 270 deg: 


Cent; and (3) that for each temperature up to 250 degrees Cent. 1 
is a definite and characteristic form of curve. The estimated temp 
ture of the end of Ac, for zero rate or 260 degrees Cent. is, there! 
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(2) in practical agreement with the end of the transformation for 
mpering period of 30 minutes. From (1) and (3) it is evident that 
eating curves might be used to estimate the previous tempering 
erature within certain limits. 

It may be of interest to note that, for a tempering temperature of 


rr 


Table II 


THERMAL CHARACTERISTICS OF HARDENED CARBON STEELS 






Heat treatment \ 








lem- 


Quench Quench pering pering 






Man ing ing tem. tem f Be Intensity AC] 
Sili temper me- pera pera- heat gil Max f heat max 
se con ature dium ture ture ing ning mut Kind 
id lc mala 
Per Per Degrees Degrees Min Degrees De De De De 
t cent Cent. Cent uted Cent grees grees. grees Seconds grees 






per sex Cent Cent Cent Cent 

















800 Water 3 183 2‘ 
\ 800 do 16 178 28 308 
0.24 800 do . 0s 162 261 282 14 
800 Oil 79 167 273 295 Q 7 
\ 23 


(3) Effect of tempering for different periods of time 











276 300 

275 300 

273 300 } 
271 296 . s 
282 307 l 
289 350 0.5 


s for different compositions 


~~ 





$ 900 Water. ©.42 167 259 278 2 31 
4 35 06 900 do 12 174 270 286 3 3 
$4 1.00 02 900 Oil. 13 174 276 297 ¢ 2 

73 38 01 | 900 Water. 2. Fs 271 292 7 731 
22 24 800 Oil 12 167 273 295 8.5 7 

.O1 . 800 Water. 10 167 261 284 13 28 








(5) Results for austenitic struct 


drop 
1,100 Water 0.08 174 308 319 2 
\ 1°100.. .do 11 182 347 361 24 
+ 0.01 7 1,100 .do 15 184 353 366 731 
(1100. do 180 3() 12 179 
a Annealed. 6 Air cooled. 





2/0 degrees Cent. and 300 degrees Cent., Fig. 2, there is a slight deflection 
i the curves to the right, indicating an absorption of heat over the range 
bout 350 to 450 degrees Cent., which is in conformity with the ob- 
servations of Heyn and Bauer’® under similar conditions. 
it has long been recognized that the time of holding at a tempering 












tnote 3 
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temperature has a very considerable effect on the resulting ph 
properties, and it is even held that a long time at a low temperati 
equivalent to a short time at a higher temperature. The thermal . 
of steels tempered for different lengths of time in the Ac; range s 
therefore, throw some light on the validity of this much dis 
proposition. 

In Fig. 3 heating curves are given to show the effect of maint 
a steel for different lengths of time at the tempering temperature 





O75 Fercent C Sree/ 


0 Quenched in warer 
Quenched ip oas/ 
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Fave of healing 


Fig. 6—Effect of rate of heating on temperature and 


intensity of heat evolution of 0.95 per cent carbon steel 


0.95 per cent carbon steel, hardened by being quenched in oil fro: 
degrees Cent., was used. Specimens were maintained for 5, 30 
minutes at each of the two tempering temperatures, 200 and 230 
Cent., chosen because they represent temperatures at which tem 
is well in progress, but not to such an extent as to eliminate the t 
effect. 

It may be noted from these curves and the compiled data of I: 
(1) That the beginning of Ac; is higher for a long than for a 
exposure at the tempering temperature; (2) that the intensity) 
transformation is less for a long tempering period than for a 
one; and (3) that the rate of progress of the transformation 1s 
at the higher tempéring temperature than at the lower one. | 
From (1) and (2) it is apparent that time has a decided et! 
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rransiormation Characteristics. Lhe third conclusion is evident from 


rh that at 200 degrees Cent. an exposure of OU minutes is neces 
to reduce markedly the intensity of Ac;, while at a tem 


| erature only 
.erees Cent. higher the intensity is much more strong 


' : 
y reduced by 
minute exposure. This is in agreement with the tempering experi 


Fig. 7—Microstructure of 1.94 per cent carbon steel quenched in water 
from 1100 degrees Cent. Etched with 2 per cent alcoholic nitric acid. 
(Above) As quenched, x 500. (Below) Same as above but dipped in liquid 
air 30 minutes. x 500 


ts of Barus and Strouhal,*! whose measurements of electrical resist- 
and thermal emf show the rate of transformation to be much greater 
he higher tempering temperatures in the Ac; range. ‘This indicates 
ier that the tempering time of 30 minutes used in the preceding 
m represents actual equilibrium or zero-rate conditions at the tem- 


rus and Strouhal, Bull. U. S. Geological Survey, No. 14; 1885. 
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perature of the end of Ac;, though, of course, not at lower temper: 
lt may be inferred from the nearly identical characteristics 
iollowing tempering for 60 minutes at 200 degrees Cent. and 5 m 
at a temperature 30 degrees Cent. higher, that these two treatment 
duce the same structural condition, but, because the rate of trans} 
tion changes with temperature, it does not follow that this part 
relation holds quantitatively for any other temperatures in the Ac, 
In general, however, the effect of time may be regarded as e& 
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Fig. 8—Effect of tempering temperatures on scleroscope hardness of 0.95 per cent carbon st¢ er 
eC} 
lent to that of temperature within limits as far as the characteristics 
Ac, are a criterion of the constitutional changes in the steel. ig 
For the sake of comparison of the several martensitic steels invest! la 
gated, the temperature values of Ac, taken from Table II have bee Fig 
given a small correction on the basis of Fig. 6 to reduce them | , 
constant rate of heating of 0.10 degrees Cent. per second; these value> er 
are given in Table III. By comparing the synthetic steels in the first , 
croup, low in manganese, or the commercial steels in the second group, Of 


containing 0.20 to 0.40 per cent manganese, with respect to the variabls 
carbon, one may see that the maximum and end of Ac; are somev 
higher for the higher carbon contents and that the transformatio: 
tensity is approximately proportional to the carbon content. 

The effect of an increase of carbon on the heat evolution is to aug 
ment correspondingly the rate at a given stage in the progress 0! 


THERMAL AND PHYSICAL CHANGES ACCOMPANY.- 


ING HEATING OF HARDENED CARBON STEELS 769 


nsformation for a given turnace rate. his increase in rate from the 


} 
| 
i 


ct noted on rate of heating, will raise the temperature of the maxi 
. and end of Ac;. The increase in temperature of the maximum and 
f Ac, with increasing carbon, being small, is probably due entirely 
ie augmented rate of heating. This factor being ineffective for very 
ir zero rate of heating, it may be stated that, for this case, the car 
loes not materially affect the maximum and end of Ac Likewise, 

rate at the beginning is unaffected by the subsequent heat evolution, 

hat the constancy of that point verifies the conclusion that 

iture of Ac; is practically independent of carbon content under con 
ius which render the effect of intensity impotent. 

From Table III it may be of interest to note 

tly higher in the commercial than in the pure 


t 
same carbon content, and that the charac 


teristics 


Table III 


rRANSFORMATION CHARACTERISTICS OF MARTENSITIC STEELS FOR RATE OF HEATING OF 
0.10 DEGREES CENT. PER SECOND 
Synthetic Steels 


\c 


Per ce Degrees (¢ 

0 Ol 165 

)] 167 

Ol 17 7 
Commercial Steels 

()¢ 172 

Ol ] 

24 165 69 

Synthetic 1 Per Cent Mn Steel 

0 170 »7 


4 e 4, | 


ntaining 0.73 per cent carbon and 0.38 per cent manganese are prac 
ly identical with those for the steel containing 0.44 per cent carbon 

1.0 per cent manganese. 

For obtaining the data presented in preceding examples, the material 
sed was a martensitic steel, but it was believed to be of some interest 

study also the thermal changes accompanying the decomposition of an 
ustenitic matrix in a carbon steel. Wuth this in mind, a steel of 1.94 
er cent carbon content was quenched in water, the resulting structure 
eing uniformly austenitic as shown in Fig. 7a. 

The curves taken on specimens given such treatment are shown in 
ig. 5, curves 1, 2, and 3, and the data taken from them, are shown in 
lable II. The transformation observed was very intense, and in one case, 
hig. 5, curve 3, the heating advanced so rapidly that the operator could 
it follow it. In every case the heat evolution increased the specimen 
emperature at the end of the transformation so that it exceeded the 
rmal furnace temperature, and a drop of temperature was then re- 
orded. This amounted to 2 degrees Cent. in curve 1 and 24 degrees Cent. 

curve 2; the drop for curve 3, though not recorded, was very con 
iderable. 

In these austenitic steels the effect of rate of heating upon the tem- 
erature of Ac; is much more pronounced than in the martensitic steels, 
hough with slow rates the difference between the two types of steel is 
mall, if any. Thus by comparison of curve 1 for the austenitic steel 
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(rate of heating, 0.08 degree Cent. per second) with the curve fo; 
0.95 per cent carbon steel (rate of heating, 0.16 degree Cent. per sec 
in both of which cases the rate is approximately the same at the n 
mum, one may note that the maximum for the austenitic steel is 23 
grees Cent. higher and the end only 11 degrees Cent. higher than for 
martensitic steel, even though an actual temperature drop occurre 
the former case. This would indicate that for very slow rates 

would be little temperature difference between Ac; for a marte: 
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Fig. 9—Effect of tempering temperature on Brinell hardness of 0.95 per cent carbon steel 









structure and Ac; for an austenitic one. Here again the fact that 
beginning for both is practically the same verifies the conclusion 1 
the heat evolution of the transformation materially affects its obser 
temperature for sensible rates of heating. 
Curve 4 of Fig. 5 shows the thermal characteristics of one of 
austenitic steels after exposure for 30 minutes in liquid air. This tre 
ment rendered the steel partially martensitic in structure as shown 
Fig. 7b. Comparison of the heating curve 4 for this sample with curve 
the rate of heating being essentially the same in both cases, shows t! 
treatment in liquid air causes (1) a lowering of the maximum and 
of the transformation by about 45 degrees Cent., and (2) an evolut 
of heat much less intense, without any recorded drop of temperatu 
This indicates a marked structural change, evidently from austenite 
martensite, on immersion of the austenitic steel in liquid air. 
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Further examination of the heating curves of the austenitic steels 
eals another significant phenomenon. An inflection in these curves 
be noted at 273 degrees Cent. for curve 2, 285 degrees Cent. for 
e 3, and somewhat lower for curve 1, at which temperature there is 
1ugmentation of the rate of heating. It is evident from curves 2 and 


the heat evolution of the latter or martensitic steel starts to drop 
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‘ig. 10—-Change of physical properties with tempering temperature of 
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tt, while the former or austenitic steel is considerably intensified just 
bove the inflection temperature of 273 degrees Cent. This indicates 
two stages in the decomposition of the austenitic steel—namely, the low 
emperature stage, probably a manifestation of the simple carbide pre- 
ipitation, and the high temperature stage, which !s the same intensified 
the A, and A, transformation. In the case of the martensitic steel 
the change designated by Ac; is very probably due only to the carbide 
recipitation. 
The thermal curves presented here show a rapidly increasing heat 
olution (Ac;) from 155 to 250 degrees Cent., ending abruptly at about 
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200 degrees Cent. for a very slow heating rate. This 


last temperat 
260 degrees Cent., very probably represents the completion of the cha 


from martensite into troostite. A consideration of the changes in phys 


properties on tempering quenched steels through the Act range sho 
aadnie assist materially in determining other 
change. 

In order to make a reliable comparison of the characteristics of 
with the changes in the standard scleroscope and Brinell hardness nu 
bers, measurements were made on samples of the 0.95 per cent car! 
steel used for the majority of the thermal curves. The results are sh 
in Figs. 8 and 9, the recording scleroscope being used in the first . 
and the usual Brinell equipment in the latter. <A fresh 
ball was taken for every impression.’ 

‘or the purpose of comparing some of the other physical propert 
with the heat evolution, Fig. 10 was prepared. Curves 1 and 2 of 
igure were obtained from the magnetic data of Burrows and Fahy’ 
are expressed in gausses per square centimenter; curves 3 and 4 w 
obtained from the electric resistance and thermal electromotive force d 
of Campbell,** and curve 5 was obtained from the 
schulz.t? In all cases martensitic carbon steels were 
mately the same 
here. 


characteristics of 


surface of 


density values 
used of appr 
carbon content as the 0.95 per cent carbon steel us 


Upon returning to the hardness curves of Figs. 8 and 9 one m 
see that the scleroscope hardness does not drop off abruptly until slight 
above the temperature 260 degrees Cent. of the end of Aci, and that 
Brinell hardness begins to drop linearly immediately above the beg 
ning of Ac.. Thus there exists in both the hardness curves an inflecti 
ands related to fundamental temperature characteristics of the 
evolution. 

Consideration next of curves 1 and 2, Fig. 10, 
maximum induction, 
with an increasing rate over the range 20 to 300 degrees Cent. in t! 
same manner as the heat evolution. ‘The tempering temperature anes 
were not taken sufficiently close to define the end point of this chan 
but it coincides substantially with the end of Ac;. The 
for thermal electromotive force against pure 


1 
11¢ 


for coercive force 


curves 3 and 
iron and specific resistan 
respectively, are practically parallel and may, therefore, 
as a unit. It may be observed that the change 
complete at 300 degrees Cent., or in the Ac, range. The 
is somewhat irregular, but the maximum rate of 
vicinity of the end of Ac. 

From the foregoing analysis it is evident that the changes in tl 
physical properties considered are related very closely to, the heat e\ 


case 


be C nsidert 


density curve 


( 


lution Ac;, particularly in the case of the magnetic properties, maximun 


induction, and coercive force. ‘These relations are forceful indications 
a natural boundary between martensite and the troostite produced 
about 260 degrees Cent. on tempering. Such a boundary should be d 
tectable also by the changes in microstructure. \uthorities, 
differ on the temperature of this boundary for simple steels, 


(it 


12 Since these Brinell data were obtained, the work of Chev 
taining a curve for an 0.85 per cent C steel practically 
that his values are somewhat lower. 
13 Burrows and Fahy, Trans.-A. S. T. M., 19, part II, p. 5; 1919. 
4 Campbell, J. Tron and Steel Inst., 94, p. 268; 1916. 


% Schulz, Forschungsarbeiten, No. 161, p, 1; 1914. 


enard (see footnote 5) appeared, « 
identical in form with Fig. 9, with the except 





respectively, will show that these properties chang: 


is about 85 per cent 


change occurs in th 
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THERMAL AND PHYSICAL CHANGES ACCOMPAN 
ING HEATING OF HARDENED CARBON STEELS 


od 
, 
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nvwhere in the range trom 250 degrees Cent. to 400 degrees Cent 
reful observers have studied this change, and while not suggesting an 
point, have made observations indicative of one in the region ot 


end Ol Act 
Howe and Levy,’® after quenching eutectoid carbon steel from 1100 
rees Cent. to water, find that on a 5-minute exposure to 300 degrees 
the original white martensite needles are almost completely broken 
Heyn'* notes a coarsening of the needle structure at 275 degrees 
These observations are indicative of a structural change in the 
inity of the end of the heat evolution. The region under investiga 
is thus narrowed down, and future observers should have little dif- 
ty in defining precisely the nature of the accompanying changes. 








800°C 


In foregoing paragraphs attention was called to a sharp change in 
rection of the heating curves of the austenitic steel. This inflection, 
enoting an abrupt increase in the rate of heat evolution, was noted to 
at about the temperature at which the heat evolution in a mar 
nsitic steel begins to disappear. It May theretore be of some interest 
compare this thermal behavior of the steel with the density changes in 
ilar steel. In Fig. 11 are plotted density values given by Maurer’® for 
1.660 per cent carbon steel quenched in water from 1.050 degrees Cent. 
resulting structure is not completely austenitic, but nearly so. The 
rve shows three distinct regions: (1) 20 to 150 degrees Cent., in which 
density increases as in a martensitic steel; (2) 150 to 250 degrees 
in which a drop occurs which recalls the second stage of the heat 
inge of the austenitic steel; and (3) above 250 degrees Cent., in which 
‘ollows the normal course of a martensitic steel. Since martensitiza 
implies a decrease in density (see the black circles of Fig. 11, rep- 
enting the density change on immersion in liquid air), the second step 
th a density drop is evidently attributable to completion of the change 
m austenite to martensite, which is more or less transformed into 


+) + 


Howe and Levy, Trans. A. S. * M : 16, part IT. t 7 116 
" Hevn quoted by Sauveur, The Metallography and Heat a al i 
> See footnote Ze 
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troostite. ‘The augmentation of the heat evolution of the aust 
steels, as previously explained, is therefore definitely verified. 

In this paper the transformation, observed as an evolution of 
on heating curves of hardened steel has been designated here as 
and its characteristics as revealed in carbon steels have been investig 
The effect of several variables was noted with the following conclus; 

1. An increase in the rate of heating raises markedly the tempera 
of Ac, for a 0.95 per cent carbon martensitic steel and has a yet | 
marked effect for an austenitic carbon steel. For zero rate of hea 
there appears, however, to be little, if any, difference between the | 
cipal temperatures, whether the steel is of high or low carbon conte: 
whether it is martensitic or austenitic. The principal temperatures 
the 0.95 per cent carbon martensitic steel were found to be 155, 250, 
260 degrees Cent., respectively, for the beginning, maximum, and e1 

2. The results obtained for specimens tempered at different 
peratures before taking heating curves confirm substantially the tem 
ture of the end of Ac; just given. 

3. Tempering for a short time at a temperature within the 
range has an effect on the transformation characteristics similar to 
pering for a longer time at a somewhat lower temperature. 

4. The heat evolution of the austenitic steel takes place in 
steps, the second being probably connected with the transition 
austenite to martensite. 


5. A survey of the changes in some physical properties of | 


tensitic carbon steels through the tempering range leads to the conclus 


that these changes are all directly related to the heat evolution obser 
but only in the case of the magnetic properties, coercive force, and m 
mum induction is the change of the same type. 

6. The change in density of a semiaustenitic carbon steel proc 
in steps similar to the heat evolution of the austenitic steel. 
7. The changes in microstructure on tempering martensitic st 
are unquestionably related to the heat evolution, but further stud) 
necessary to establish fully this relation. The end point, 260 deg: 
Cent. for zero rate of Act may very properly be taken as the nat 
boundary between martensite and the troostite of tempering, represent 
as it does the end of the transformation suppressed on rapid cooling. 
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News of the Chapters 





BIG year is planned by the Pittsburgh Chapter. On August 23, 

council of the chapter met at a dinner at the Hotel Chatham for 
purpose of discussing plans for the coming year. This council was m: 
up of about 20, including the various officers and members of committ: 
Doctor Johnson, recently elected chairman of the chapter is ambitious 
make it the biggest year the Pittsburgh chapter has ever known and 
cordingly has been holding various committee meetings to complefe arrang 
ments. It was decided that the entertainment committee should provide so 
special entertainment feature for each regular meeting. This feature 
be in the nature of a surprise. 

An unusually prominent and interesting group of speakers has lb 
secured for the coming meetings, which will be held on the first Tues: 
of each month. At the first meeting, Sept. 6, Professor MacIntosh 
Carnegie Institute of Technology will speak on “The Metallurgy of |: 
and Steel.” This meeting will be in the Hotel Chatham and will be 
ceded by a dinner at 6:30 and the special entertainment feature mentio1 
above. The October meeting will be addressed by Charles E. Carpent 
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COMMERCIAL ITEMS OF INTERES! 


dent of the E. F. Houghton Co. a speaker who is nationally known. 
subject will be ‘Individualism vs Socialism. In November, Prof. 
rt Sauveur of Harvard University, will speak on the “Heat Treatment 
steel.’ In December Prof. H. F. Moore of the University of Ih 
will discuss “Fatigue Testing and Resistance of Materials.” Col. A. E. 
ite of the University of Michigan will discuss “Alloy Steel” at the 
iary meeting. Other speakers of prominence who will address the 
ter at later dates are: Prof. F. M. Crabtree of the Carnegie Institute of 
nology; Prof. S. L. Goodale of the University of Pittsburgh; Dr. 
. Unger of the Carnegie Steel Co. and Frank P. Gilligan of the Southern 
ngineering Co. and president elect of the National Society. 
\t the meeting delegates were appointed to the National Convention 
Indianapolis, September 19 to 24 and instructed to bring the 1922 con- 
tion to Pittsburgh. 


Commercial Items of Interest 


and laboratory assistants is to be conducted by the Cleveland School of 
fechnology sponsored by the Central Young Men's Christian Association. 
G. Shontz, metallurgist of the Perfection Spring Co., Cleveland and 
retary of the Cleveland Chapter of the American Society for Steel Treat- 
will be the instructor. Classes will be held two and one-half hours 
two evenings of each week for a period of 16 weeks. The outline of 
course includes: Physical tests and their value; iron and steel; pure iron; 
ought iron and low carbon steel; medium and high carbon steel; impuri- 
in steel; mechanical treatment of steel; pyrometers and thermal critical 
ints; iron—carbon diagram; cast steel; annealing of steel; hardening and 
mpering; cementation and case hardening; alloy steels; cast iron and mal 
leable iron; and defects and failures. 


A*® INTENSIVE night course in metallography for heat treaters, chemists 


Ihe Case Hardening of Steel by Harry Brearley is the title of a 
page book published recently by Longmans, Green & Co., New York. 
way of review The Iron Trade Review says: 
“Changes in structure and properties induced in steel by cementa- 
and allied processes is the subject treated by this book which is 
le complete by the use of many illustrations. Since the material was 
eloped mainly for the use of those actively engaged or interested 
he commercial manufacture of case hardened products, the chapters 
irranged to appeal to the workshop experience of the workmen. 
“In preparation of the book, effort has been made to explain the 
photographs in as simple terms as possible. ‘The author points 
that an explanation based on the mechanical structure of an object 
telligible, because most minds can appreciate the elements of de 
and pass judgment on the composite properties of the materials. 
that reason numerous microphotographs are used, and for the same 
n, the writer states, the assistance offered by microscopic methods, 
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whatever the means of magnification are available, should not be i 
in workshop practice. 

“The first edition of the book was published in 1914 but has 
out of print for some time. As a result of the war and advan 
heat treatment made by the urgent demands for steel, many cl 
have occurred. In preparing the second edition, therefore, the 
has included the most recent revisions in metallurgical practice.” 


















H. B. Knowlton, consulting metallurgist of the Case Hardening 
Co., Cleveland, manufacturers of case hardening material is taking 
graduate course in the department of metallurgy at Columbia univers: 





To show his appreciation of the honor conferred upon him 
presentation of the John Fritz Medal, Sir Robert A. Hadfield of | 
Kng., has published an elaborate 42-page booklet containing his add: 
thanks made before the Institution of Civil Engineers. The booklet 
the photographs of previous recipients of the medal together with a 
of the awards. Sir Robert briefly outlines his discovery of and resear 
manganese steel in which connection the medal was awarded. 


A new line of electric furnaces, added to the products of the 
inghouse Electric & Mfg. Co., East Pittsburgh, Pa., is describe 
illustrated in a 24-page illustrated booklet recently published b 
company. The new type of furnace includes the multiple uni 
signed for use with heats of 1800 to 2000 degrees Fahr. Accor: 
the booklet the small heavy-duty furnaces of the multiple crucible 
may be operated continuously at 2000 degrees Fahr. In the | 
heavy-duty industrial furnaces with appliances for annealing, h: 
ing, drawing and enameling are described in detail and in additi 
discussion of the characteristics of these furnaces is given. 


) 








The agency arrangement for the sale of sheet steel heretofore es 
between Thos. Firth & Sons, Ltd., of Sheffield, and Wheelock Lovejoy 
of New York and Cambridge, has been terminated, and Thos. Firth & 
have appointed as their general sales manager for the United States H 
G. Hides of Harttord, Conn., who has for the past 20 years repres 
Win. Jessop & Sons. The stock of Firth Sheffield sheets will be carri 
the warehouse of an associate company the Firth-Sterling Steel Co., 312 
Hudson street, New York. Thos. Firth & Sons and the Firth-Sterling 
Co. are also opening a joint office in Hartford, Conn., where Mr. Hide 
have his headquarters and where Henry I. Moore will represent the 
Sterling Steel Co. 














Historical sketches of the discovery and the subsequent «¢ 
ment of vanadium steel together with a description of the uses o! 
containing this alloy are given in a booklet recently issued by the ‘\ 
dium Corp. of America, New York. According to the text, 90 per 
of the vanadium produced comes from deposits at Cero de Pasco, Peru 

The major portion of the booklet is devoted to a description 
products which are manufactured from vanadium-alloy steel. Son 
these commodities are airplane fittings and engine parts, cast iron 
forging tools, torpedo air flasks, armor plate, steel helmets, subm 
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The case hardening of steel without the danger of Full 

deadly fumes appeals to the human side of steel treat- a 
ing. That accurate results are obtained and duplicated 

at all times by using CASEITE appeals to the harden- “e 

ing room Foreman. Increased production, low first “ 

cost and a better product are the reasons so many man- he 

agers insist on CASEITE. 
J 


SPECIFY CASEITE 


Visit our exhibit at the American Society Treating 
Convention Booth No. 74, Indianapolis, Sept. 19 to 24. 





CASEITE carried in stock by the following representatives: 







Cleveland, Ohio - - - Case Hardening Service Co., 2281 Scranton Rd 
Detroit, Mich. - - - W. J. Clarke, Dist. Mgr., 4829 Woodward Ave. 
Indianapolis, Ind. - - A.D. Heath Mchry. Co., Merchants Bank Bldg. St 
St. Louis, Mo. - - - - «= - - E.H. Sachleben & Co., 1517 Olive St C, 
Springfield, Mass.- - - - - - Springfield Facing Co., 317 Main St He 
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117 No. Dearborn St. Chicago, IIl. 
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Both types of furnaces may be seen in operation at booths 8 and 9, 
Heat Treaters Convention, Indianapolis, Ind., September 19th to 24th. 
Full construction details and valuable data will be found in bulletins 
mentioned. 
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(Concluded from Page 779) 
heating oven type furnace for reheating and carbonizing; and a cru 
furnace for lead and cyanide hardening. Each type is shown 
illustration. 


A catalog distributed by the Steel Treating Equipment Co., m 
lurgical engineers, Detroit, discusses two case hardening compou 
manufactured by that company. The first carburizing compoun 
made in two sizes, one slightly larger than corn and the other 
the same as rice, and is light in weight, free from dust and non 
onous. ‘The second compound is manufactured in plastic form a 
used where it is necessary to localize or confine the penetration 
given part of the subject under treatment. It must be applied t 
surface to be hardened under pressure ranging from 350 to 390 p 
per square inch. It is especially suited to the hardening of ring 
and for this work a machine has been developed to press the 
pound about the gears. The gear is placed on the platen and the 
pound is spread on the teeth. After the die is placed on top, 
treadle is operated which causes packing of the compound. 




























According to a recent announcement, the Brown Instrument 
Philadelphia, has developed a new thermoelectric pyrometer wh 
automatically compensated in the instrument for changes in cold 
tion temperatures. A new feature of the equipment includes a 
for setting the pointer to zero in the usual manner. 


weal Ze Crell microscope reveals in 


UMA4 


STEEL 


The microscope reveals in UMA4 Stee 
dependable struczure adapted to easy « 
the development of fine adjustments 
ties without objectionable sensitiveness 
ment. 






The structure of UMA4 Steel is invari- 
ably uniform. 
It may profit you to investigate its 
many merits. 


Write us today. 


The Central Steel Company 
Massillon, Ohio 


Sales Offices: Cleveland Chicago Detroit 

Philadelphia Syracuse Indianapolis 
Export Department: J. E. Dockendorf & Co., 
20 Broad Street, New York City 






4901 
Phila 
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ADVERTISING SECTION 








Free the heat treatment from any 
blame for poor tool performance 


Locate and remedy the real cause of the trouble. 


THE KEYSTONE WATCH CASE Co. 


ESTABLISHED 1853 


RIVERSIDE WoRKS 







RiIvERSIDE.N.J 2/4/21. 


Leeds & Northrup Co., 


Philadelphia, Pa. 

















ATTENTION MR. TALL. 
Dear Sir:- 







We have used, for the past eight or nine months, one of 
your Electric Hardening Furnaces and an Electric Drawing Furnace, 

together with your Potentiometer System with Curve Drawing Recorder. 

The results obtained have been very satisfactory and while we have 
experimented to secure maximum results with only a very few classes 

of our tools, we have obtained some very surprising results as to 
increase tool performance. 






I think probably we have experimented to date with pieces 
of very much smaller mass than you have dealt with elsewhere but 
we find equally uniform results on small pieces treated in mass as 
on larger pieces separately treated. 









It is the Writer's personal opinion, however, that you have 
overlooked one of the best talking points in favor of your Apparatus. 
In practice, when tools or parts continually broke in service or 
gave very varied results in the way of performance, the variation in 
herdening was always blamed. It has been our experience, however, 
that by this system we were practically applying to the hardening, 
the Micrometer that the Tool Makers used in making tools and we still 
btained the varied tool performance. This led us to believe that we 
were either using wrong material or that the design was faulty and 
efter changing one or the other, a surprising increase in life and 
performance of tool or die could be obtained. This may be a rather 
novel deduction but it was certainly true in our case and I believe 
exists in many shops. 
















We very much appreciate the service your Company has always 
given us and assure you of our readiness to co-operate at any time. 


Yours very truly, 
BHJ:MB 





a torr) Cn ge, | 









Complete equipments for hardening by the Hump 
Method, and various types of Potentiometer 
Pyrometers will be in operation in our booth at 
the Exposition. 


Leeds & Northrup Co. 


Electrical Measuring Instruments 
Potentiometer Pyrometers—Hump Electric Furnaces 


4901 Stenton Ave. 1304 Monadnock Block 
Philadelphia, Pa. Chicago, Ill. 
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Means Uniform Production 


We've known this for years. And when people 
like Delco, White Motor, Overland, Chevrolet, 
BOH N T TE Davis Sewing Machine Company, Ferry Cap and 


I 4 Set Screw and scores of others turn to Bohnite, 
£ we simply know more than ever that some one 
Z he of these days you are going to do the same thing 


and for exactly the same reason—you want and 
must have just as sure and certain as they want 
and must have—day in and day out production 
that is absolutely, positively, uniform. And 
Bohnite means just that! 


Perhaps you're still skeptical? All right! Write 
a letter asking for it and we will send you without 
obligation a sample big enough to prove it. Tear 
this advertisement out and put in your “To 
Dictate’’ folder—now. 


LIcENSED UNDER THE RopMAN PaTENTS 
Re presentaiive 

Chicago, Lil Bell & Gossett Co ’ 117 No De arborn ot 
Detroit, Mich W. J. Clarke, Dist. Mer., 4829 Woodward 
Indianapolis, Ind.—A. D. Heath Mchry. Co., Merchants B 

3ideg 
Philadelphia, Pa H. M. Miller & Co., 638 Real 

Trust Bldg 
St. Louis, Mo FE. H. Sachleben & Co., 1517 Olive S 
Springfield, Mass.—Springfield Facing Co., 317 Main St 
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ADVERTISING SECTION 


‘“Special High Grade Basic Open 
Hearth Forging Billets” 


| ‘‘Special High Grade Basic Open 
Hearth Forging Slabs” 


“Alloys Steels” 





CONSISTING OF 
“Chrome” 


“Nickel” 
“Chrome Nickel” 





“Chrome Vanadium” 


“Other Special Steels” for various 
purposes 


“Steel Bars” 


The Andrews Steel Company 


INCORPORATED 


NEWPORT, KY., U.S. A. 
DISTRICT SALES OFFICE 
1515 McCormick Bldg., Chicago 
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BRISTOL'S 


For over thirty years 


TREATING 





this name has stood for 
excellence in design and 
construction of Record- 
ing and [Indicating In- 


struments. 


THE BRISTOL’S LINE offers you: 





Pressure and Vacuum Gauges Muilli-Voltmeters 
Liquid Level Gauges Shunt Ammeters 


Thermometers Frequency Meters 
Psychrometers Time Record 

Pyrometers Tachometers 

Temperature Controllers Long Distance Transmitting 
Voltmeters Systems 

Ammeters Revolution Counters 
Wattmeters Radii Averaging Instruments 


AN INSTRUMENT FOR EVERY APPLICATION, 
designed and manufactured by SPECIALISTS. Let 
us recommend the correct instrument for your partic- 
ular application. 


Have you received a copy of Bristol’s Information 


Book, Bulletin 303 ? 








The Bristol Company, Waterbury, Conn. 





Boston New York Pittsburgh Detroit Chicago 
St. Louis San Francisco 
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ADVERTISING SECTION 


For Case Hardening 


Cyanide Chloride Mixture */;.% 
is recommended as giving quick and accurate results. 


The ideal material for a thin case and for reheating of high carbon 
steel is 


R & H Case Hardener 


A Compound Equal in Strength to 28/30% Sodium Cyanide 


More economical than Lead owing to its lower specific gravity. 
Assures a clean heat. No oxidation. 


For Localization perposes 


in Case Hardening 


We advise the application of a 
COPPER DEPOSIT through Electroplating 
using a 


COPPER CYANIDE SOLUTION 


This process is specially recommended for gears, cam-shafts and 
similar articles, the copper film protecting the 
parts which are to remain soft. 








WRITE FOR BOOKLET GIVING FULL INFORMATION 


The Roessler &Hasslacher Chemical Co. 


709 Sixth Ave. =i NEW YORK CITY 
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ROCKWELL 


Direct Reading— 


HARDNESS TESTER 


at the 
Indianapolis Convention 


We are now making the Rockwell in 3 sizes, and all 
3 sizes will be exhibited. Bring along some thin 
pieces, small rounds, tubes or odd shapes and test 
them on the machine that is so speedy, consistent and 
convenient that you can introduce 100% inspection 
testing. The Tapalog, Monopivot Indicators and 
Pyods will be there too. 


Wilson-Maeulen Co., Inc. 
NEW YORK 
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ADVERTISING SECTION 


Quality in Furnaces 


Stewart No. 27 Oven 
Furnace 
For Hardening High Speed 
Steel, Pre-Heating for 
High Speed Steel Harden- 
Annealing and Car- 


nizing. 


CYANIDE FURNA 


Stewart No. 10 Cyanide 
Furnace 


Kor Lead or Cyanide 
Hardening. 


When answering 


UALITY production in heat treating 

operations 1S absolutely essential in 

these days. It is imperative that the 
heat treatment of expensive dies, gears, tools 
and machine parts be accurate. 


Quality production is possible only in 
quality furnaces, practically constructed 
and guaranteeing uniformity and accuracy 
under the severest tests. 


Stewart Furnaces guarantee quality pro- 
duction. Their scientific construction makes 
certain uniform temperature as long as 
necessary in every part of the heating 
chamber. Combustion takes place beneath 
the hearth, the flame surging over it and 
into the arch of the furnace, with maximum 
fuel eficiency. Burner placement guarantees 
uniform heat distribution, under instant 
and absolute control. 


Manufacturers using Stewarts do not 
deal with an uncertainty — they 
Stewarts guarantee high quality production 
at a considerable saving in time, fuel and 
material. 


know 


Stewart Furnaces have made a record 
for years of thoroughly satisfactory per- 
formance in manufacturing plants all over 
the United States and Canada. 


Catalog No. 85, just issued, contains a wealth of 
valuable heat treating information. 


Chicago Flexible Shaft 
Company 


1144 South Central Avenue 
Chicago 


350 Broadway, New York Ry. Exch. Bldg., St. Louis 
601 Kerr Bldg., Detroit 
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GORDON’S 


PYROMETER SERVICE and REPAIRS 





Prompt and efficient work by technical Pyrometer 
Service men any where any time on short notice. 









Wire or phone nearest office. 
Supplies carried for all makes in all our offices. 
CLAUD S. GORDON CO. 


559-569 West Lake St., Chicago, III. 
Phone State 9009-9010-9011 















Milwaukee, Wis. Indianapolis, Ind. 
510 Loan & Trust Bldg. 305 Merchants Bank Bldg. 
Phone—Grand 3049 Phone— Main 6338 





SURFACE COMBUSTION 


and 


PERFECT COMBUSTION 


are 


SYNONYMOUS 









Correctly proportioned and wish to 
homogeneous mixtures of So if you 
air and gas are constantly another, 
ean L and automatically main- But CO! 
"Tes Cuentoottonn. ee Uy meee of our booth. | 


Work IN PLaceE aa ~ BS 
The straight lines vse da, tt ye the course of PAT ENTED AIR _ GA 5 
I ays give ff, and also illustrates the i act type ‘ 
oe off, and also illustrates the impact type PROPORTIONERS. 


Write for details 


Branch Offices: THESE RFACE CO. Main Offices 


& Works: 


DE 





Calenge Gerard Ave. a 
Philadelphia - INDUSTRIAL FURNACE ENGINEERS & 144th St., 

Pittsburgh AND MANUFACTURERS Bronx, N. Y. C. — 

a 
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| expect to see several 
thousand friends 


at the Convention 
this Year— 






You may be one of them. 
If you're not, it’s simply 
because we haven't be- 
come well acquainted. 
Men who know me say 
I have opened the way 
to greater carbonizing 
efficiency, so I must be 
sound. 





There are some four thousand such men. 
To all of these we extend a HEARTY 
WELCOME to the Convention. But we 
do not invite them to another Book; the 
comparatively few remaining copies we 






wish to reserve for those who may not have received one as yet. 
So if you or your company already have a copy please do not ask for 
another. 


But COME, visit with us and make the Nichrome Booth your own 
booth. There will be no latch string to pull; the door will be OPEN. 


DRIVER~HARRIS COMPANY 
HARRISON, NEw JERSEY 


Chicago - Detroit - Canada - England - France 
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The Best 


























Sheets 













Heat Castings 
Resisting for 

Alloys Made Pots & Boxes 
Backed by Special 

a National Shapes 
Engineering Cast or 
Service Fabricated 


Greater strength at higher temperatures 
Better castings in thinner section 
Exclusive national engineering service 
Complete and efficient manufacturing facilities 
Guaranteed on cash rebate basis against all other materials 
Same prices and guarantees to all. Terms: 30 days net 
Q-Alloys cheaper by analysis and in service 

Improved designs save fuel—time—compound— labor 





We are proud of the fact that we have operated six days a 
week in the Manufacture of Q-ALLOYS since September 
last. This means that users, large and small, are buying 
Q-Alloys as a Measure of Economy, for economy has been 
the keynote of the current year. 


Q-Alloys are giving satisfaction in hundreds of plants 
throughout the country,—so much so that 80% of our 192! 
business has been repeat orders. Our customers range from 
the smallest commercial heat treating plants to the largest 
users in the world. Fifty of them rate a million or over. 
Most Q-Alloy users have tried numerous alloys on test, but 
they are specifying Q-Alloys for production requirements. 





(Write on your letterhead for free sample of grades ‘‘X’’ and K) 


GENERAL AL 


NEW YORK - CLEVELAND BOSTON DETROIT BALTIMORE 
26 Cortlandt St. 2281 Scranton Rd. 261 Franklin St. 505 Garrick Theatre Bldg. P.O. Box 6 Govans 


(Temporary Address 









ROCHE: 


*1 . 
921 Granit 
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ADVERTISING SECTION 


The Convention 





Visit our booth at the convention and ask for facts concern- 
ing Q-Alloy results, and Q-Alloy users. We will have tanks 
of pure Oxygen with furnace in operation and will run any 
oxidation tests on Q-Alloys that you desire. We will dis- 
tribute free sample miniature Q-Alloy boxes, to representa- 
tives of concerns operating heat treating departments. 





| Q-Alloys comprised the largest exhibit at the Philadelphia 
Convention, occupying four booths. Nearly five hundred 
samples were given on request. —These samples weighed less 
than 3 oz. and were /"' in section with no cover;—metal 
exposed on both sides. The Diamond Chain Company 
advises that one of these boxes has run over 3,000 hours in 
a coal fired furnace. Figuring this on the basis of area 
exposed, a |'' cube of Q-Alloy, exposed to oxidation on one 
side, (like the wall of a carbonizing box), should run over 
60,000 hours. ‘We have received scores of similar reports. 


SS 


If you are a Q-Alloy user, please call at our exhibit as 
soon as you arrive at the convention. We have special 
souvenirs, and several features, including compliment- 
ary automobile service, arranged for your special 


benefit. 


NO ONE METAL IS A CURE-ALL 


We Analyse the Condition and Recommend the Proper Alloy 


OYS COMPANY 


ROCHESTER INDIANAPOLIS TORONTO CHICAGO 
921 Granite Bldg. Merchants Bank Bldg. 191 Adelaide St. 122 So. Michigan Ave. 







MORE 
6 Govans 
Address 
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What Will You Take Home ll 


From Indianapolis? 


Over a dozen prominent manufacturers of steel 
products have contributed to make the Halcomb exhibit 
valuable to users of high speed, tool and alloy steels. 
Every man interested in fine steels and their uses can 
benefit by a visit to the Halcomb booths, 69-82. Below 
are listed a few of the exhibits shown. 


Inserted tooth and disc saws, Dreadnought high 
speed steel 


Cold-drawn high speed steel and its products 
Punches, dies, gauges, Ketos non-shrinking steel 
Automobile parts of electric alloy steels 


Bolt and nut making, Halco and Pyro hot-work steels 
5) d 


Magnet steel products, Stainless steel and its uses, 
Wortle drawing dies, ball wire and the making of 
balls hot and cold—and other equally interesting 
exhibits in the 400 square feet of booths 69-82— 
the first as you go in the door of the Exhibition 
building. 


Halcomb Steel Company 


Syracuse, N. Y. 


New York Chicago Philadelphia WW 
Detroit Cleveland Boston < 
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ADVERTISING SECTION 







yr al dl 


AUONIUCTVULANTUCELA CINTA 
(ieres ibis 


Alloy Steel Bars 


Hot Rolled—Cold Drawn— 
Turned—Heat Treated—Annealed— 
Machine Cut—Machine Straightened— 
Cracker Sheared 

To meet all S. A. E. Open 

Hearth Alloy Specifications in 


Chromium— 3% Nickel— 
Vanadium—Molybdenum—Chrome- 
Nickel—Silico-Manganese—Chrome- 
Vanadium— 


and Special Analysis Open 
Hearth Alloy Steels. 


Suterstate Jron & Steel Co. 
104 South Michigan Avenue Chicago 
t. Louis, 


New York, Cleveland, Detroit. St. Paul, Milwaukee, S 
Kansas City, San Francisco 
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Automatically Controlled Furnaces 


If temperatures regulated as closely as 
5° + or —- will produce a more valuable 
product for you a furnace for doing this 
should be used. The most profitable 
furnace should be considered for each 
requirement. The above furnace is for 


treating die blocks at a regulation of 


5° 4 or -. 
T 
laTeJones &Gin 
Furnace Engineers Established 1898 


PITTSBURGH, PA. 


New York — Bostoh — Buffalo — Philadelphia — Chicago — San Francisco — St. Louis 
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ADVERTISING SECTION 


-RETORTS and TUBES 


For Use At High Temperatures 
Are Made Of 


SILCROME 


THE MOST ECONOMICAL 
HEAT RESISTANT METAL. 


RETORTS for Rotary 
Furnaces are furnished from our 
standard patterns. 


Also carburizing boxes in a 
large range of standard sizes. 


May we send you further 
information ? 


The CONNECTICUT ELECTRIC STEEL CO., Inc. 


HARTFORD, CONN. 
SALES AGENT 


AMERICAN METALLURGICAL CORP. 


10 POST OFFICE SQUARE, BOSTON, MASS. 


Branch Offices in Principal Cities 
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Olsen Testing Machines 


All the latest up-to-date Testing Machines 


Olsen Hydraulic Brinell 
Hardness Testing 
Machine No. 1 


This illustrates the very latest 
and most up-to-date type of 
Olsen Brinell Hardness Teste: 
which is now used throughout 
the country by the leading 
automobile engineers and 
metallurgists who insist on 
securing the very best of ‘Testing 
equipment. 


j 
e 


terre 


H Ht 





This type of machine is made in 
several sizes and also of various 
types as per our Bulletin No. 1, 
which will be mailed on request. 


Olsen Depth Measuring Instrument for use on Olsen 
Hydraulic Brinell Hardness Testing Machines 















This illustration is of the 
very best and most accurate 
instrument made for measuring 
depth of impression and same 
can be attached to any Olsen 


machine in a minute’s time. 





Manufactured by 


Tinius Olsen Testing Machine Company 
500 North 12th Street Philadelphia, Pa. 
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ADVERTISING SECTION 


Even as “the proof of the pudding is in 
the eating’’ so is a continued and constant- 
ly increasing demand for a product the best 
evidence that it is of high quality and gives 
lasting satisfaction. 


The highest endorse- 
ment of 


STECO 


products lies in the 
demand which has 
made necessary the 
expansion from the 
small beginning of 
five years ago to the 
present plant shown 
above. 


The Steel Treating Equipment Co. 


Metallurgical Engineers 
7945 Lafayette Boulevard West Detroit, Michigan 
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Planing Curved Armor Plate with tools made from 
Midvale Extra High Speed Steel 


MIDV ALE 
EXTRA HIGH SPEED STEEL 


} ‘HIS brand of high speed tool steel was 
developed for severe cutting operations 
such as that illustrated above. It does our 
work. We know that it will do yours. 





The test of every-day use is our best sell- 
ing argument. 


MIDVALE STEEL AND ORDNANCE COMPANY 
CAMBRIA STEEL COMPANY 
General Sales Office: WIDENER BUILDING, PHILADELPHIA, PA. 
District Sales Offices 


Atlanta Boston Chicago Cincinnati Cleveland Detroit New York Philadel; 
Pittsburgh San Francisco Salt Lake City Seattle St. Louis Washington, D. ¢ 









TER OF CONSOLIDATED STEEL CORPORATION 
oud CoE e OR eS oiers GUNG [EDD OonsuiQares Ses Soenosa. 


LICENSED MANUFACTURERS OF STAINLESS STEEL 
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ADVERTISING SECTION 


Eliminate 


Poor Hardening-Distortion & Cracking 
Let Every Man see his own Furnace Record 


Here.is a shop where the temperature of probably as 
many as 80 lead pots are held between 1400 and 1500 
Fahr. Not one of these pots, while operating, goes above 
or below this 100° range of efficiency. Poor hardening, 
distortion, and cracking, is absolutely eliminated, and 
the answer to this perfect heat treating is—every 
Furnace Man continually sees his own furnace record 
on the Brown Duplex Recording Pyrometer, located 
only a few feet away. 


€— 4 


The plant shown above is one of the largest in the coun- 
try and can avail itself of the best type of heat measur- 
ing instruments made. It chose Brown Duplex Record- 
ers, because first, the thermo couple in each pot is con- 
nected with a millivolt system of its own—thus in case 
something should happen to a pot, other records are 
not affected, second, the record line is clear and easily 
read -—no overlapping— just one record to each tempera- 
ture scale, and two scales on every chart. 

Write today for folder, 23-5, describing this installation in detail 
There is no obligation. Address The Brown Instrument Company, 
4502 Wayne Avenue, Philadelphia, Penna. or District Offices in New 


Brown Duplex Continuous York, Chicago, Detroit, Cleveland, St. Louis, Pittsburgh, San 
Recording Pyrometer Francisco, Los Angeles, Denver, and Montreal. 


Brown Pyrometer 
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LIST OF TOOLS 


and Grades of Colonial Steel 
adapted for their use 


Grades of Steel Name of Tool Grades of Steel 


Red Star Jaw = Imperial 
Red Star jaw Vise Imperial 
Red Star 

Red Star 


Red Star Sheets 
Red Star Sheets 
Red Star Sheets 
Red Star Sheets 
Alto Sheets 


No. 14 
Red Ses Sheets 


in Cleveland— 


HIS thriving city of ya. 
ried manufacturing indus. 
tries finds hundreds of uses for 


Tool Steels—and has shown 















Name of Tool 








Arbors 
Augers, Wood & Bits 
Axe 


Ball Bearings 
Bits, Channeling Machine 
Bits, Coal se 

Bits, Ton 

Bits, Well Stone Drilling 
Bush Hammer, Stone Tools 
Bunter, Heading 

































Keys for Drop Hammers.. 
Knives, Pocket _ 
Knives, Carver 

Knives, Butcher 
Knives, Cleavers 













Superior 
Red Star 





































lr se Well Bit 
Red Star Sheets 
Red Star 


Knives, Back Spring 
Knives, Heel Forming Shoe 
Knives, Shoe Makers 


































N , Shoe Sol . 
— —- Keven Sirpeal ey a strong preference for the 
mives, Table Alto Sheets 
Center Punches Red Star K . Po Alto Sh ? 
Comer, athe fae caren fea ~— brands of Colonial. 
asers, reading 











Knives, Drawing 
Knives, Hog 
Knives, Machine 










No 14, Red Star 
INO 14 
H. S., Red Star 


Chain, Pipe, Links 


Vanadium, Type A 
Chisels, Pneumatic °.7 









































































Chisels, Hand Red Sar Knives, Paper H. S., or No. 14 
boar — — Se aa Knives, _— No. 7, Red Sear . 

isels, orking ed Star K , Wood Work H Red S rinie¢ 
Cupping Tools Red Star alee Tools . sian Noy, No. . And Cleveland 1S pro\y ided 
se Tools. Red Sear 
Claw Bars ed Star Lathe C , Dead. Red S ° aa . 
Creasers, Hot : i sche Genser, Live. Red Sear with most adequate faci lites 
Counterbores Lathe Tools for Metal 
Counterbores, Solid, Inter Turning High Speed 

changeable 














Lathe Tools for Woodwork 
Collets, Bit Brace 


























for the complete fulfillment of 
all Tool Steel needs. 






ing High Speed 
Collets, Spring Liners for Brick Dies Imperial 
Cutters, Fine Finishing Letter Stamps, Hand No. 7, No. 14 


Letter Stamps, Roll No. 7, No. 14 


Cutter, Pi 
Curters, Flue 

























































































































































Mandrels’ Red Star 
Cursors, Fue Hele Mills, End High Speed 
Cursors, Noa heh Se Mills, Hollow High Speed 
ene Corn Stalk Nich Speed Mills, Shell End High Speed ‘ » 
wosnmeng + 4 Piercers, Hot High Speed _— 
Cutters, Milling, Plain] High Speed Pick Seca = The illustration shows the 
Cutters, Form a ae Pinion Bars Red Star 
Cutters, pogeed Blade te a Pins, Drift Red Star 1 1 WwW h 
Cutters, Pr a Pinch Bars. . Red Star _ d arryv- 
en _— eens crew eoned Diener too ised Techs High Speed eve an are ouse, Ce y 
“ws . E : re : Planer for Stone... High Speed o ° - 
Cutters, Wood Forming High Speed, No. 5 1 for W b 
Cutting off Tools High Speed ee a Cur Red — Ing a 1g stock of Colonial 
Dies, Bolt Threading H.S., No. 7, No. 1 ters - r Red Star 
Dies, Blanking H. S., No. 7, No. 14 Punches, Cartridge Shell... | No. 7 T S 
Dies, Forming & Bending. | No. 7. No. ig ae Ine ems ool teels, located at 
Dae a HS. 'No. 7. No 14, Punches, Drawing No. 7, No. 14 
Dies, Cartridge Shell High Speed, No. 7 pws Gauges Sy ». 6, Onl ee ng 
Dies, Hammer Dies, Power | Red Star neumatic Toojs.... No 7E or 









Flat Jack Jewelers’ Dies 


High Speed No. 7 
Dies, Drop Forging 


Red Star, Alto 





2230 East 9th Street 





Reins, Tong........ Red Star 












































































Dies, Nail High Speed Rods, Piston ‘ Red Star 
Dies. —- Hos 5 Ne 14 Reamers, Hand, Solid H. S., or No. 5 7 
Dies, Pipe Threading H. S., No. 7, No. 14 Reamers, Shell High Speed 
Dies. Solid & Adjustab een ag — ne seen 4 

. S._N No. eamers, Rose, Chucking igh Spee A ll h ffi c > 
noe Nees ts 7 Reaméts, Locomotive, : of ca to t S oO ce name a a rr 
Dies, River No. 7, Red Star Taper No. 14, H - 


Reamers, Bridge 

Reamers, Expansion, Hand 
Reamers, Drill & Center 
Rolls, Flue Expanding 
Ring Gauges 

Rivet Sets 


q High Spee 
S a Pp 
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A big stock of fine Tool Steels is here for your service 


This uniformity has been 
a real aid to the Heat Treater. 
It has simplified his work, 
enabled him to foretell results 
accurately, and keep up his 
standard of making each job 
a success. 


In Cleveland, and in any 
of the 8 other cities listed be- 


Colonial Steel Company 


Boston 
Detroit 


Toledo 


New Haven 


low, this high type of Colonial 
service in quality Tool Steels 
is immediately available to you. 


Also, representatives in 11 
other cities carry stocks of the 
Colonial brands. Their ex- 
perience and judgment as well 
as their Tool Steels, are ready 
for your call. 


New York Cleveland 


Chicago St. Louis 
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Do You Want Taxes Reduced? 


Foolish question—of course you do! 





Well, you can begin right now in your plant. 





Have you any idea of the taxes you are paying 
in the form of lost time, extra fuel and spoiled 
product through not being able to know and 
control the temperature in your furnaces. 


You can reduce these taxes by using pyrometers. 





Engelhard Pyrometers 


have reduced the taxes levied by guess work 
methods in many plants in your line. 


They are built with the needs of your plant in 
mind and so are 

Accurate 

Strong 

Dependable 


And their users will tell you that their upkeep 
expense is so low that they are the economical 
pyrometer to buy. 


Whenever you think of pyrometers remember 
that 





Engelhard Pyrometers Are Good Pyrometers N 
To Standardize On 
Charles Engelhard, Inc. a 


30 Church Street New York City 
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Lower Your Heat-I reating Costs 
With Hoskins Electric Furnaces 


N THESE furnaces, ideally perfect 

heat conditions are ap piaiclic The 
right tem perature is automatically held 
constant. Thus, the man at the furnace 
is doing nothing but actual productive 
work, under quiet comfortable conditions. 
He fusses with no valves. He can’t help 
but turn out more work and better work, 
at less ultimate cost per pound. 


Whenever pure air and steel are 1n con 
tact with each other, there’s sure to be 
some scale formed. But in Hoskins 
Furnaces, there’s no continual in-rush of 
large volumes of useless air, and scale is 
almost entirely eliminated. That which 
is formed, is very thin and can almost be 
rubbed off. Because you do want lower 
costs, send for Hoskins ¢ Catalog No. 20 
Boston S. 1. 


Chicago 
New York Cleveland 
Pittsburgh 


- San Francisco 
Hoskins Manufacturing Co. — Detroit 


HEAT RESISTANT ALLOYS — ELECTRICAL RESISTOR ALLOYS 
ELECTRIC FURNACES PYROMETERS 


When answering advertisements please mention “Transactio 









TRANSACTIONS OP 


AMERICAN SOCIETY FOR STEEL TREATING 





































rR 
HONORARY MEMBERS ] 
of the uN " 
AMERICAN SOCIETY FOR STEEL TREATING DLI 
| 
SIR ROBERT HADFIELD, Bart., F. R.S..........0. cee ceeeeeeeeees London, En; 
ee ee Se es a Rs Os i 50k bk ss oo koe d's SO Sew eexeee ee New York EB 
ee i i iia 5 ona gee bba +o +0 0cs ¥en ene Cambridge, } | 
sg PS bee | DA ee * | * ar Ann Arbor, ' 
{11 DV: 
’ 
JORA 
( 
SUSTAINING MEMBERS 
RNO 
The following firms and individuals, because of 
exceptional interest in the work of the Society CINCI 
have contributed not less than $25.00 for the R. KI 
promotion of its objects. Lt " 
THE V 
National Society ELEC 
PPAR MERIOLS CO Ciaited..., «oso ek hee. Sheffield, Eng | 
SRR AED Oe Mites SPUAIE Be, c nc ccc cc ewccecwcsnsmscenenseccses epemeuse, N. } CLEV] 
I a a en alpine kal Chicago, | 
es eee ee ee ee, PL Og cok ss ec cheba cc lecéaewecsvbwes Latrob LUDL 
SIMONDS MANUFACTURING COMPANY ...................ceeeee: Lockport, N. Y. 
To ale ee cn kl eee Philadelphi JAME 
eee es ee ee ee, MONAT EL wg. 5 cs cos eta nieicccccorausseeeteen Latrobe, P 
W. S. Jones, Vice-President 
pu Ra Bee ee OR By Ra |} ee. ae Aliquippa, P LUDL 
Chicago Chapter 
ATLAS CRUCIBLE STEEL COMPANY....................-5- Re ae Dunkirk, N. } GENE 
Harry Hardwicke 
eo Ray) Fes Bye i Met | | 5 ee arc Chicago Height: 
ee a ee Do ono wnd.s 4s aoe e nk weds eeewee ence Chicag CENT 
J. J. Bosshard 
re Be IEE CAINE 5 oii. oo cn Sc kc kc ives dRbdcifan tha Chicago, | GENE 
T. E. Lammert 
ee re re bla oh oe ee Os 0b Oe hee Watervliet, N. Y. li 
eee are eS OD, gw chins ccbawenec Powe bb es Beas bee Latrobe, | UT 
Wm. R. Mau 
A. G. Henry I 










ADVERTISING SECTION 










Pittsburgh Chapter 


\ TROBE TOOL COMPANY ........... Be Sh a Seka ia techn er ....Latrobe, Pa. 
J. B. Moore 

\NADIUM-ALLOYS STEEL COMPANY ...... Pe ee _ ....Latrobe, Pa. 
Roy C. McKenna 

DLUM STEEL CU. .~.+..+-. .. Pittsburgh, Pa. 


Pp. R. Thurston 






Baltimore Chapter 


IF BLACK & DECKER MFG. CO............ Baltimore, Md. 
4. G. Decker 











Philadelphia Chapter 


\MIIDVALE-CAMBRIA......... e884 . ' ehh wi Philadelphia, Pa. 
Jos. E. DeCray 
HORACE T. POTTS AND CO....... Lae acaaes Philadelphia, Pa. 


Charles Wm. Potts 























Waie Oe °C) Ter re Se anes Charleston, W. Va. 


Cincinnati Chapter 


CINCINNATI IRON AND STEEL CO........ , ata: Cite 
Rk. K. LE BLOND COMPANY........ ee | << Gealiliaaiils. Clles 
LE MOYNE STEEL COMPANY. . os 7 Cinekenasl, Gite 


C. M. Bigger, Vice-President. 


Cleveland Chapter 


&rHE W. S. BIDLE COMPANY ........ ey .. Cleveland, Ohio 

ELECTRIC STEEL & FORGE CO...... Cleveland, Ohio 
D. W. Wells 

CLEVELAND WIRE SPRING COMPANY Cleveland, Ohio 
Chas. H. Erickson 

LUDLUM STEEL COMPANY ...... 7 Watervliet, N. Y. 
Kennet E. Porter 

IAMES H. HERRON COMPANY ......... Cleveland, Ohio 


James H. Herron, President 


Buffalo Chapter 
LUDLUM STEEL COMPANY ........... 
E. R. S. Reeder 


kG Watervliet, N. Y. 








GENERAL ALLOYS COMPANY........... a hee Be Chicago, III. 
A. L. Grinnell, Detroit Manager. 


Indianapolis Chapter 


CENTRAL STEEL COMPANY ........... ae Oo ta ee eine Massillon, O. 
Clarence H. Beach 
GENERAL ALLOYS COMPANY..........-.. See een SBS oe aa Lie Chicago, III. 


A D. Heath, District Manager 
New Haven Chapter 







UUTHINGTON HARDWARE CO......-.-.ce reece eee eeees ..+.+.+,Southington, Conn. 
William E. Smith, General Manager 
THE BELLIS HEAT TREATING CO....... New Haven, Conn. 


Major A. E. Bellis 









TRANSACTIONS OF 
SOCIETY FOR STEEL 












AMERICAN 





TREATING 


New York Chapter 
FIRTH-STERLING STEEL CO 
Donald G,. Clark 


GRISCOM-RUSSELL CO... 
K. B. Millett 


HELLER BROS. CO. oo 


HOLZ & COMPANY, INC...... inc . ......:New Yor 
Herman A. Holz 


HERCULES ELECTRIC STEEL CO 
Alfred Heller 


W.S. ROCKWELL COMPANY 
W. S. Rockwell 


RUSSELL, BURDSALL & WARD BOLT & NUT CO a, 


New Yo r 










.New Yor 




















New Yo: 












New Yor 








Wm. D. Rigney « 
SURFACE COMBUSTION COMPANY .......... ; .....-New Yorl 












St. Louis Chapter 
EE ee le GPs ox bo 0 oe he tries oes esers ; wed Dunkirk, \ 





L. H. Vinnedge, Vice-President 


Rochester Chapter 
















HUTHER BROTHERS SAW & MFG. CO..... Rochester. N 
W. B. Huther 
ee ee ee ee Oe OD. cn oe ue vnlneme baeeuwelewubawes ....Rochester, N 


W.L. Patterson 


Springfield, Mass., Chapter 
FORGING SERVICE CO......... aeea .....Springfield, M 
N. C. French 
SPRINGFIELD GAS LIGHT CO 
E. S. Bliss 
LUDLUM STEEL CO 
E. O. Wall 








.. Springfield, M 













Watervliet, N 






Hartford Chapter 
W.R. BENNETT CO........ Elmwood, ¢ 


CLAYTON MANUFACTURING CO ’ sBiteael. ( 

PRATT & WHITNEY CO 

HENRY SOUTHER ENGINEERING CO 

RASSE STEEL WORKS.... 
R. K. Newman, Secy. 

> PENCER TURBINE COMPANY 7 ...-.-. kartford, | 

S. E. Phillips, Secy. 







Hartford, 











Hartford, ¢ 





Hartford, ¢ 







Washington Chapter 


ie Sik Sak} Seana tun ws ...... Washington, | 
C. Baily Scrimgeour 


Volum 


Editor 
Hotel 

Match 
Spe rt 

The ] 
Progr 
Paper: 
Exhibi 
D 


L 
Obser 
Pp 
The ’ 
A 
Thern 
C. 
New 
Chang 
News 
Comn 
no 
irc 
» id 
C ipt 


TABLE OF CONTENTS 


‘Transactions of 
American Society for Steel Treating 


Volume 1 SEPTEMBER, 1921 Number 12 


Published monthly by The American Society for Steel Treating at Cleveland, Ohio. 
All communications should be addressed to 


AMERICAN SOCIETY FOR STEEL TREATING 
4600 Prospect Ave., 
Cleveland, Ohio 


E. F. ROSS, EDITOR 


TABLE OF CONTENTS 


Editorial mas 
Hotel Reservations Are Heavy 
Match Race for the Ind anapolis Convention 
Sport in Indianapolis 
The Ladies 
Program for the Convention 
Papers To Be Presented at the Convention 
Exhibitors and Products They Will Exhibit 
Tke Metallurgy of High Speed Steel— 

D. M. Giltinan 


Heat Treatment of High Speed Steel 
J. L. Thorne 


Volume Changes in the Heat Treatment of Steel 
Leslie Aitchison 


Observations Made in the Heat Treatment of Ordnance Forgings— 
Paul E. McKinney 


[The Thermal Treatment of Cast Steei— 


Alvin N. Conarroe 
Thermal and Physical Changes Accompanying the Heating of Hardened 
Carbon Steels—Howard Scott and H. Gretchen Movius 


lew Members of the American Society for Steel Treating 
Changes of Address 

News of the Chapters 

Commercial Items of Interest 

norary and Sustaining Members 

ird of Directors and National Officers 

nding Committees 

ipter Directory 

iployment Service 

lex to Advertisers 



















TRANSACTIONS OF 
AMERICAN SOCIETY FOR STEEL TREATING 


Rejected Cargo? 





Do you have rejections of cargo on foreign 
shipments because of damage in transit 
due to action of the sea water and salt 
atmosphere? 


An export house writing us of the good con- 
dition on arrival of a certain shipment of 


tubes that were protected with NO-OX-ID, 


says :— 


‘“‘A great many of the claims and 
rejections of cargo would be elimi- 
nated if this product could be used.’’ 












Why not coat your steel products for ex- 
port with NO-OX-ID? The cost amounts 
to but a few cents per ton, and the satis- 
faction and resulting good will of your 
customer will be worth dollars to you. 


Let us quote on your requirements. 


NO + mie =RUST 


The Original R Rust P Prevent ive 


DEARBORN CHEMICAL COMPANY 


332 SOUTH MICHIGAN AVENUE, CHICAGO 
299 Broadway, New York 
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FINISHING CLARITE HIGH SPEED STEEL ON A 
1400 POUND HAMMER. ALL MATERIAL IS HAM- 
MER WORKED EVEN THOUGH ROLL FINISHED. 
THIS INSURES PROPER GRAIN REDUCTION. 


A business cannot grow year after year with ever 
increasing thousands of customers unless there is 
some reason for it. 


There is but one reason—its product fills the wants 
and needs. Perhaps a lot can be said of the 
achievements, but what is more than this? 


Columbia Tool Steel is not the ordinary kind any 
more than is Columbia service—it costs you no 
more. 


Columbia Conl Steel Company 


MAIN OFFICE AND PLANT, CHICAGO HEIGHTS, ILL. 


CHICAGO MILWAUKEE DETROIT CLEVELAND CINCINNATI 
ST.LOUIS ST. PAUL KANSAS CITY NEW ORLEANS 
DENVER PORTLAND LOS ANGELES 
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EMPLOYMENT SERVICE BUREAU 


The employment service bureau is for all members of the Society. If you wish 
a position, your want ad will be printed at a charge of 50c each insertion in two 
issues of the Transactions. 











This service is also for employers, whether you are members of the Society or 
not. If you will notify this department of the position you have open, your ad 
will be published at 50c per insertion in two issues of the Transactions. 
accompany copy. 








Fee must 





Important Notice. 

In addressing answers to advertisements on these pages, a stamped envelop 
containing your letter should be sent to AMERICAN SOCIETY FOR STEEL 
TREATING, 4600 Prospect Ave., Cleveland, O. It will be forwarded to the proper 
destination. It is necessary that letters should contain stamps for forwarding. 




















POSITIONS WANTED iil i ates ata 
HANICAL ENGINEER—Age 33, married, 18 ST TION WANTED—In metallurgical laboratory 
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perience as designer, machine shop foreman, a a cain p a a Rs sgh ae < ee “ee 
raftsman, and efficiency engineer. Broad RE ak aaa ee ae a vis ee 
nce in designing of gas furnaces, special ma- ee es cation. Reasonable salary. Address 
_ tools, jigs, fixtures, gauges and dies. Well wer 
nted with steel treating and hardening. Desires . ~ . saat dah bean . : - 
where initiative and inventive ability along ae ‘ys ee FOREMAN —Practi- 
ruriag Maes nee considered. Address 8-1. cal, experienced in al around forging, blacksmithing 
— ———s ? steel. Experienced with tools used in 
5 ara shipyards and machine shops. Prefer location i 
RINTENDENT OF TIME—In_ automobile Chanter, Pa., Camden, N. e or Philadelphia . 
One year Govt. inspector on forge work, one Address 4-5. 7 ; 
ng drop forgings and inspecting same, three ; ¥ 
ing out forging machinery and taking time METALLURGIST OR ASSISTANT METALLUR- 
ilso have taken time. studies in assembling GIST—College graduate. At present assistant 
iles. Salary $300.00 per month. Address 8-2. metallurgist in large motor car company. Capable of 
oe ee handling heat treating, microscopic work, chemical 
SALESMAN—Have had 6 years in chemical and Saas and pyrometry. Desire Central or Western 
11 laboratories of tool steel concerns. 3 years ocation. Salary $250.00 per month. Address 4-6. 
irge of heat treating tool steels. No preference 














location. Wages $175.00 a month. Address 4-4. METALLURGICAL ENGINEER—Young, capable, 


ae energetic, with 11 years experience. Graduate engineer. 






















































































WAN TED—Position as assistant hardener. Bureau of Standards for 7% years. Erie Forge Co. 

il experienced man in case hardening and heat for 3 years. Expert in pyrometry in steel plant, forge 

ting of all different makes of steel. Do not claim shop, open hearth and heat treating plants, metallurgy, 

e an expert but can deliver the goods.: Salary investigations and research, planning metallurgica 

$25.00—$30.00 per week. Address 2-8 operations, heat treating carbon or alloy steels, and 

eee management, forge shop temperature scheduling, etc. 

WANTED—Position as metallurgical engineer in Salary desired $3000, or make your proposition. 

nical, executive or sales capacity. Ten years Answer 7-2. 

tical experience in research, physical and chemical ‘mee 

ng, Ppyrometry, metallography, inspection, and METALLURGIST—Age 25, experienced in manu- 

specifications. Have installed heat treating plants facture of steel from blast furnace to the finished, 

d laboratories. Address 2-5 heat treated and tested product. Desire to form a 

ceaiitatnentenieniectslgatiie connection with company now building up an organiza- 

WANTED—Position as metallurgist or assistant, tion where opportunity at present as the future shall 

graduate of University of Minn., one and one half predominate. Cleveland district preferred. Answer 7-1 





irs with large tractor company, covering vt 
eating, chemical, metallographic and _ physica as iia s sine wealaiial t riled cinare 
ting, during that period. Chicago territory pre- SUPERINTENDENT OF HEAT TREATING— 



















































































red. Salary $175.00 a month. Address 2-6. Have had 12 years’ experience as blacksmith and in 
heat treating. At present in charge of same in large 
WANTED—Position as salesman. Graduate o! automobile plant. Have installed equipment, and 
arnegie Technical Institute. Student for 16 months have some experience along mechanical lines. During 
th large steel company, Three years selling, Best of war in charge of aircraft forging, heat treating and as 
eferences. No preference as to location. Address 2-7. metallurgist. Salary desired $3600. Answer 7-1. 
GENERAL SUPERINTENDENT OR PRODUC- MEN AVAILABLE 
(TON MANAGER—8 years as general superintendent Brew ee, es 
large manufacturing firm. Expert on manufac- HEAT TREATING FOREMAN—Two years pyro 
g firm arms and munitions, machinery and small metrical and heat treatment of gun forgings: one year 
erchangeable parts. Eastern location preferred. heat treatment and physical testing of rolled bar stock, 











jress 4-1. 








and simple analysis: 14 years heat treatment, car- 
a burizing, and hardening of automobile forgings. 
HEMIST OR METALLURGIST—6 years as Address 9-5. 
st and three years as chief chemist and assistant Se. 


the metallurgist. Cleveland location preferred FOREMAN: 30 years practical experience in heat 
lress 4-2, 




















treating, forging tool hardening, carbonizing. 5 years 
as foreman of heat treating. Location preferred in 





















































sALESMAN—Selling steel or metallurgical supplies. Pennsylvania, New Jersey, or Maryland. Salary 
vledge of Spanish, Willing to travel. Have been desired $200 per month. Address 9-3. 

ef metallurgist for large Eastern firm. 7 years —————————————— 

erience in heat treating of carbon, alloy and high METALLURGIST—CHEMIST—Former member 

ed tool steel, and general production work. Experi- chemical engineering staff of University of Michigan; 

ed in metallography, physical testing, pyrometry, chief metallurgist Packard Motor Car Co.; metallurgist 


i analysis. Best of references. Address 4-3, drop forge company. Address 9-1. 
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GEORGE J. 


FURNACE AND COM 
PITTSBURGH. 


Announce to the Profession 


STANDARDIZED HEAT 


ELECTRIC TYPE 


Standard width of door 24", 33", 42". Standard lengths from 36" to |2|" 
Furnaces of these sizes are shipped completely assembled and ready fo: 
operation. Furnaces larger than 121" are shipped ‘‘knocked down”’ and 
erected in purchasers plant. 


——— 


For circular on 
Electric 
Furnaces ask 
for 


Bulletin 





Standardized 
Electric Heat 
Treating 
Furnace 
Complete 
Automatic 
Control 








. ° ° ° «e’T o afin 4 
When answering advertisements please mention “Transactions 


ADVERTISING 





SECTION 


It’s a WAYNE Furnace 


The name Wayne on an oil- 
burning furnace for forging or 
welding means that its design is 
based on scientific principles that 
assure perfect combustion of oil, 
quick, even heats and minimum 
fuel consumption. 

The oil burning furnace illus- 
trated above is specially designed 


Send for Bulletins 3215 ST, 


for forging, welding, bulldozing, 
dressing of tools, heating drill 
steel, etc. 

Any size or type of this furnace 
may beequipped witheither Wayne 
Adjustable or Non-Adjustable 
Type Oil Burner or Combination 
Gas and Oil Burner for use with 
either high or low pressure air. 
2520 ST, 2556 ST. 


You'll find them very interesting and valuable. 


Wayne Oil Tank and Pump Co., 766 Canal St., Ft. Wayne, Ind. 


A national organization with offices in thirty-four American cities. 
Canadian Tank and Pump Co., Limited, Toronto, Ont., Can. Represent- 


atives everywhere. 


Repair stocks and expert service at your command. 


ax us 


Gasoline and Oil 


Heavy Metal 
Storage Systems 


Storage Tanks 


Oil Filtration 
Systems 


Oil Burning 
Systems 


Furnaces for Metal Melting 
Forging and Heat Treating 


When answering advertisements please mention “Transactions” 
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Small Furnaces 


For Laboratories, Instrument Manufacturers, Tool Shops, Etc. 


Temperatures up to 2000° F. 


Type HD9 
m Muffle Furnace ( 
Incased-Rheostat Muffle Furnace — Types 60, 62, With Transform: 
64 and 66. Door, Shown Top-Hinging, is Rever- , ® Controlling R 
sible for Bottom Hinging 


Crucible Furnace, Types 80, 82, 84 and =—_—SS ‘ 

86—Shown with One Spare Unit a - 
This form of furnace is used extensively for Standard Combustion Tube Furnace Combustion Furnace, Hinged 
melting small quantities of baxe metals; for of 
Pyrometer calibration when couples are im- Type 77 Type 70 
mersed in molten salts or metals: and for de- 


5 Shown with one spare unit, height to center 10” Shown with one spare unit, height t 
calescent work in steel - 


Type HD710 Crucible Furnace 


Type: HD122 Muftfie Furnace Complete with 
Regulating Transformer 


Regulating Transformer 


Westinghouse 


When answering advertisements please mention “Transactions 





ADVERTISING SECTION 


Large Hevi-Duty Industrial Furnaces 


For Any Kind of Heat-Treating Process 
Any Size — Any Capacity — Temperatures up to 2000° F. 


Type HD2631 
Single End, 25x 16x36 


rand return bend coil placed in three r 
wn on floor, leaning against shelf of { 
At the left on furnace shelf is shown grooved 
fle plate. Also on the shelf is shown a Tee 
rt. These return-bend coils, muffle plates and 
pports are typical of all catalogued sizes 
muffle plates, each 12 inches long, comprise 
e 24-inch furnace; three fie plates 


ur in the 48-inch furnace 


Battery of Industrial Types of Furnaces (Standard 
Sizes.) From Left to Right Respectively, Types 


e the Guaranteed Efficiencies at Your Operating HD1321. HD1331 and HD2631 


rature, and Compare Operating Costs With Any 
r Furnace—Oil or Electric, on the Market 


Rising to 1800 Deg. F K. W. per Ho 
K. W. From Room Tem 
Full Load Time 


Holding at 
n . 
2 GF ots hi 
} 
I 


F 1600° I 
4 
29.88 


4 
3% 
‘ 


t 
8.2 
( 


S.6 
] 


Double End 
Doubje End 


Westinghouse 
Electric 
Furnaces 


See our Exhibit at the 


Double-End Furnace, Inside Dimensions, 44 in. 
September Wide, 12 ft. Long, 6 in. High to Spring Line of 
Convention Arch, 10 in. to Center of Arch, Capacity 120 


Kilowatts. 


Westinghouse Electric & Manufacturing Company 
Mansfield Works - Mansfield. Ohic 


Westinghouse 
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Federal Tool and Alloy Steel 


Corporation 


(Successors to Swedish Iron and Steel Corporation) 


Prompt Service from Chicago Warehouse Stock 


High Grade Tool Steels—Drill Rod— 
Sisco Super Machinery Steel 

High Speed Steel 

‘*Svea’’ Brand Genuine Swedish Iron 
‘*Svea’’ Brand Genuine Swedish Iron Welding Wire 


CHICAGO BRANCH—654 W. Lake St., Chicago, Ill. 


Phones: Monroe 5306-3017 































Executive Offices General Office and Warehouse 
Woolworth Bldg. 62-67 Rutledge St. 
NEW YORK BROOKLYN, N. Y New Orleans 





FURNACES 


For brass, nickel, copper, 
iron, gold, silver, pal- 
ladium, alloys, etc. 





We supply crucible furnaces of various 
sizes attaining temperatures up to 
1750° C. and muffle furnaces up to 
1650° C. 


Write for Meker Bulletin. 


SOLE AGENTS 


PA[O COMPANY 


Apparatus for Laboratory and Industrial Use 
153-157 West 23rd St. New York, N. Y. 
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ADVERTISING SECTION 


VANADIUM 


(The Master Alloy) 


>t EEL. 


UNSURPASSED 


Forgability — 

Ease of Heat Treatment 
Machinability 

Strength 

Toughness 

Resistance to Shock and Fatigue 


Vanadium Corporation of America 
120 Broadway New York 
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[his q' 


| Name 
Addre 


| No. of 
Gram 

i 

| 

} 


Exper 





A big saving with 
a little Stellite _ 


HE small piece of Stellite on this big tool 
proved to be far more effective than a 
solid tool of any other cutting metal. Tool 
cost was cut considerably and 8 to 10 minutes 
saved on the first roughing cut taken on the 
O. D. of the above Radial Drill-Press Column 


Sleeve. Stellite’s enduring hardness accounted 
for further saving, since other tools required 
sharpening three to five times as often. 
This shop was quick to see the advantages 
of standard Stellite Welded-Tip tools which 


made the following clean-cut gains: 


Other Tools STELLITI 4 
Cutting Speed (ft. per min.) 75 100 
R. P. M. 18 25 


Average Cutting Time 30 min. 20 min. 


Many a shop today is cutting costs with the help of the Stellite 
Reference Books. These show precisely how to use Stellite to 
the greatest advantage and suggest many new time and labor 
saving applications. They may prove a timely aid in your shop. 
Complimentary copies on request. 


HAYNES STELLITE COMPANY 
Send post-card for volumes 9 


and 10 of the Stellite Reference Carbide and Carbon Building, 30 East 42d St., New York, N. Y 
Library Ss 


us ad) | < 
Ue More Metal at Higher yaa. 


ADVERTISING SECTION 


his qualification record will be printed in the “Men available’’ section of the Employment Bureau 
of the Transactions at a cost of 50c each insertion. 


The money to cover this Charge should accompany this form. 


QUALIFICATION RECORD- Strictly Confidential 


Name 


Address 
Other Schools? 


| No. of Years in 
' 
| Grammar School? 


j 
| . 
Experience: 





Wages Desired? Location Preferred Kind of Position Desired 


OHAWK 


EXTRA 


is the consistently uniform high speed steel 
that may be depended on absolutely for the 
rapid cutting of any machinable metal. 


Shall we quote on your present needs? 


Ludlum Steel Company 


General Offices and Works 
New York 


Watervliet 
Masters of the Industry 


Branch Offices 


Buffalo 
Cambridge, Mass 


New York 


ESTABLISHED 


1854 
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CASE HARDO 


The Ideal Case Hardening Agent 
Used Only for Quick Case Work 








Works cleaner and deeper than other agents. Case Hardo makes 
your cost low. We fully guarantee its efficiency. 

























Our time and efforts are devoted to only one material for case 
hardening, and our aim is to keep it as near perfect as possible. 





Write for circular ‘‘A.”’ 


Manufactured only by 





The Thos. Buchanan Company 


29 West 3rd Street CINCINNATI, OHIO 
Established 1886 


ELECTRICAL REFRACTORIES 
FOR USE IN 


Resistance Type Electric Heating Devices, including 
. Electric Ranges, Steel Treating Furnaces, Enameling Ovens, 
Immersion Heaters, and Laboratory Equipment. 

Our refractories are used to insulate and support the 
heating element, they are burned to 2500° F. during the 
process of manufacture and will not fuse or distintegrate 
under 2600°F. They are not injured by the application of 
water or acids while heated. 

Our engineering staff with many years of practical 
experience stands ready to co-operate with you. 


The Electrical Refractories Co. 
East Palestine, Ohio 


Our Refractories are used by the largest manufacturers of electric heating 
evices both domestic and foreign. 
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Leitz “Micrometallograph” 


Large Metal Microscope with Camera 


This apparatus is the only metallurgical 
equipment which received a _ distinct 
recognition at the Panama-Pacific 
International Exposition, due to its merits 
and efficiency. 


It can be furnished with either of the 
following optical equipments: 


Achromatic Objectives for _ routine 
investigations. 


Semi-Apochromatic (Fluorite) Objectives 
for routine and advanced investigations, 
also micro-photography. 


Apochromatic Objectives for research 
investigations and micro-photography. 


For the most exact requirements, this 
apparatus should be selected; it has no equal. 


Leitz Microscopes Are the Standard of the 
World 


Ask for Pamphlet No. P-rooo and descriptive Booklet. 


_ el Cm So 
OPTICAL “Ano MECHANICAL SURPASSED Se eALLeD 
WORKMANSHIP 


60 East |0O™Srt. 
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SIMOND 


Crucible and Electric Furnaces 
Sheets and Bars—Carbon Tool Steel 


ANUFACTURERS are beginning to appreciate the difference in 

quality of alloy steels and those who insist on the higher quality 

for the vital parts of their products, specify electric cold melt process 

steel, as experience has proved these to be the cheaper in the final 
analysis. 


We recommend our cold melt and highly refined electric alloy 
steels wherever high resistance to dynamic stress under conditions of 
severe wear and unfailing service is required. 


We Develop Steels Required 
For Particularly Hard Usage 


SIMONDS MFG. CO. 


Steel Mills Lockport, N. Y. 
Edgar T. Ward Sons Co., Distributors 
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ADVERTISING 





SECTION 


Increased Production From Press Tools 


is being obtained in those plants using KINITE. Here are 
some of the results as reported to us:- 






















Article Operation Pieces per dressing of tool 

KINITE Other Steel 
Seamless 10-gal. milk can....Draw 85,000 1,000 
Coffee Pot p 4-qt. 4th Oper.. Draw 10,000 650 
Fi Ce ot tenanee Blank and Draw 2,000,000 300,000 
calvanized Clamp, %” Stock. Blank 75,000 15,000 
Engine Oil Pan—black steel. Draw 101,000 5.000 
Pressed Steel chassis channel Shear 16,000 800 
Bracket, %4” Stock .......... Blank 130,000 8,000 
lournal Box Covers......... Hot Form 250,000 18,000 
il Stove Wick Raiser...... Draw 30,000 3,500 
il Stove Burner........... Draw 26,000 3,000 

16 Gauge Steel Shell, 

_— A ” Draw 4.500 325 

Circular Trimming Shears... Trimming 450 Gross 150 Gross 


Let us tell you how KINITE will 


increase your production. 


KINITE COMPANY «ip. 


1338-40 St. Paul Ave., Milwaukee, Wis. — 








EFFRIES AND ARCHER published their epoch 
making work on “The Slip Interference Theory of 
the Hardening of Metals’”’ in Chemical & Metallurgical 
Engineering for June 15, 1921. 


DID YOU GET IT? 


F NOT, you yourself are partly to blame for not 
“obeying that impulse’”’ to subscribe. How can you 
expect to keep abreast of the development of heat 
treatment and metallography without seeing Chemical 
& Metallurgical Engineering every week? 






$5 per year 


CHEMICAL & METALLURGICAL ENGINEERING 


Tenth Avenue and 36th Street, New York City 
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N.& G. TAYLOR COMPANY 


Manufacturers of 


FORGING STEEL 


Made especially for drop forging 





Works: CUMBERLAND, MD. 
General Offices: 300 CHESTNUT ST., PHILADELPHIA, PA. 
Chicago Offices: 208 SO. LA SALLE ST. 
















HOBSON’S CHOICE 


XX Extra Refined and 
Warranted Best Cast Steels 
are the most 
Uniform and Reli’able 
for TOOLS and DIES, etc. 


**Albion’’ Special High Speed Stee! 
‘‘Soho’’ Selfhardening Steel 
Bright Polished Drill Rods 

Lime Drawn Drill Rods 

Pivot Steel for Scales 

Forged Die Blocks, Discs - 
Cutter Blanks, Rings, etc. 
















FORGINGS 
DIE BLOCKS 
SHEAR KNIVES 


aeG'STERe, 




















A comprehensive stock of sizes 
in Bars and Sheets for various 
purposes always on hand. 


Offices and Warehouse: 83 Beekman St. 
NEW YORK 


Hobson, Houghton & Co., Ltd. 
SHEFFIELD, ENG. 


WESTERN AGENTS 
E. K. Morris & Co., Cincinnati 
General Steel Co., Chicago 
Machinists Supply Co., Pittsburgh 


"Rane mar® 


HEAT TREATED 
PRODUCTS 
OUR SPECIALTY 


Heppenstall Farge & Knife Co. 


PITTSBURGH, 
PENNA. 


























BRIDGEPORT, 
CONN. 








. . . ™ ° x3 
When answering advertisements please mention “Transactions 


















ADVERTISING SECTION 


Blaich Modern 
~CARBONIZERS 


Embody the following fundamental features in their construction 
and performance— 


High Efficiency Stability 
Unvarying Uniformity Economy 
and are now employed by many of the largest manufacturers ot 
automobiles, trucks, tractors, auto parts, and special machinery in 
the United States and Canada, who insist on high quality of material 
backed by good service, at a reasonable cost. 

The efficiency of these materials is marked by the ability to 
produce rapid penetration of carbon at the usual carbonizing 
temperatures, and to meet the most exacting demand, for a “‘case”’ 
of the proper carbon content and zone gradation. 

The inherent high quality, and uniformity of “BLAICH 
MODERN CARBONIZERS” is due to the use of only the very 
highest grade of all the materials used in their manufacture and to 
the careful, and scientific compounding of them. The proper bal- 
ancing of all the elements essential to the manufacture of these 
carbonizers, coupled with the most modern mechanical equipment 
and years of ex perience, guarantees products that cannot be ex- 
celled for uniformity. 

Their stability and economy is evidenced by the strength they 
display in re- employment, resulting in unusually long life and 
service, which, combined with their light weight per cubic foot, 
makes these carbonizers the most economical case hardening 
materials on the market. 

Let us ship you a sample of carbonizer, gratis, to test its merits 
in your own plant. Others have tried it and been convinced 
why not you? 


CHARRED cmap gf 
QUICK CASE— 





‘eating and mottling purposes 
eyaniding and heat-treating 








lective hardening 


Alfred O. Blaich Company 


Manufacturers of Case-Hardening Materials 


1956 Clybourn Ave., Chicago, Illinois 


SELLING AGENCIES: 
CRD, nck nts oo ndenes eves cide wnses .....DETROIT. MICH. 
THE WM. T. JOHNSTON CO.......... .......CINCINNATI, O. 
THE SOUTHERN RAILWAY SUPPLY & EQUIPMENT CO ... ST. LCUIS, MO. 


rien so cee ccece st eeeetese’ 409 Noble Ave., BRIDGEPORT, CONN. 


Paehiess vedas veneer eee MONTREAL, P.Q., CANADA 
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Bellevue Furnaces will 
back up the 
Users 


Bellevue Industrial 
Furnace Co. 


Detroit, Mich. 


Julius C. Hinz, Pres. 
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ADVERTISING SECTION 


“LISTEN FELLERS! QUALITY COUNTS. 


I’ve tried ’em all. and when the iiss says ‘I want economy, 
_ iency box increase “d production in this shop’. I say, 


‘Red art 
Superior 


THE NATIONALLY KNOWN—FIRST QUALITY 


ws HIGH SPEED STEEL ar 


THE BEST FOR ALL MACHINE WORK. 


VANADIUM-ALLOYS STEEL CoO. 


MAIN OFFICE AND WORKS: LATROBE, PA. 
— BRANCHES — 
INDIANAPOLIS BOSTON CLEVELAND PITTSBURGH CINCINNATI OAYTON NEW YORK 
BUFFALO PHILADELPHIA CHICAGO TORONTO PETROIT MEMPHIS ERIE ROCHESTER 


Perea 


your cory or THE Red Cut nook 1s READY—WRITE FOR IT. 
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Quality Heat-Treat 1 | s 
Reasonable Price Expert Service 
Work Guaranteed A 
MYALL-WALLACE COMPANY ’ 
559-569 West Lake Street 
Chicago, IIl 
Phone State 9009-9010-9011 r 





HEAT TREATED PARTS 


Sand-Blast cleaned machine faster with less tool expense and 
make a better looking product. 

‘‘Pangborn” Sand-Blast Equipment is made in Sizes and Types 
for every need—large or small—and for every pocketbook. 








Write for GBORA 





P. O. BOX 8512 


Hafleigh’s “A” Quality 


Case Hardening Bone 


In use for years by leading . 
hardeners thruout the country 





American and Cambria Sts. 


PHILADELPHIA, PA. 





Hafleigh & Company 
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Spur Gear and Worm Gear Speed Reducers 


Automobile Also 
Truck and Silent Chain 
Tractor Sprockets 
/ Differential Bakelite 
+ | and and 
| Transmission Rawhide 





GEARS GEARS 
WILLIAM GANSCHOW COMPANY 


CHICAGO ILLINOIS 








| A GOOD EXAMPLE of ‘‘Furnace and Fuel 
to Suit Conditions’”’ 


The Furnace, underfired 
with oil or gas, is used for the 
heat-treatment of material 
ranging from die blocks to 
shafts 100 feet long. 


It can be divided by mov- 
able partition walls into a 
number of sections. Each 
section may be heated sepa- 
rately or, after removing the 
partitions, in conjunction 





Side-Opening Heat-Treatment Furn ; 
105 ft. wide and 5% ft. long with any or all of the others. 


Complete details are given in Bulletin 222-C. 
Write for copy to nearest branch. 


W. S. ROCKWELL COMPANY 


Furnace Engineers and Contractors 


_ 50 CHURCH ST. (Hudson Terminal Bldg.) NEW YORK 
MAKE a ae FURNACES FOR EVERY REQUIREMENT 
L—OIL—GAS—ELECTRICITY 
" “FURNACE AND FUEL TO SUIT CONDITIONS” 
RANCHES: Chic Cleveland Detroit 
Ellewerth Bldg. Engineers’ Bldg. Majestic Bldg. 
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The Fred A. Snow Company 


HEAT TREATMENT 


1942 West Kinzie Street, CHICAGO 








Reduce Heat Losses 


Protect your furnaces and 
other heat equipment with 
insulation. It prevents penetration and 
radiation of heat and saves fuel. 

Write for Bulletin P-8 


CELITE PRODUCTS CO. 





New York Cleveland St. Louis 
Philadelphia Detroit Los Angeles 
Pittsburgh Chicago San Francisco 


THE NEW PIVOTED 


Chain Furnace Screen 








Heat and glare from the opened furnace lessen 
the efficiency and the keenness of eyesight of { 


‘““The Man at the Fire’’ 


A flexible, penetrable, movable curtain of chain 
holds the heat in the furnace, while not inter- 
fering with the view or handling of the charge. 


700 S. Caroline St. F, J, CODD COQ, Baltimore, u. 5. A. 











, . . ° “oT ae 9 
When answering advertisements please mention “Transactions 


“The Man at the Fire” 


There are some who forget what experience means, 
(They are generally fellows just out of their teens) 





And by using pyrometers seem to acquire 
A lack of belief in— 


“The man at the fire.” 


They'll talk of “calescence” and “pearlite”, and tell 

You the value of “cementite”:—(sounds very well!) 

And the depth of their learning will make you perspire, 
But they don’t get results, like- 


“The man at the fire.” 





A pyrometer’s good when it’s kept in its place, 

But sometimes you'll find there’s a lie on its face, 

And then when the heat’s climbing higher and higher, 
The man who can tell, is— 





“The man at the fire.” 


Now do not mistake me; I say, by all means 
While you’re lacking in skill, put your trust in machines; 
But if to be really expert you aspire, 

Then study, as well, with — 


“The man at the fire.” 


So when you are learning your job, never heed 
Those who tell you that skill is a thing you don’t need; 
For skill and hard work you will surely require, 

If you hope to compete with— 





“The man at the fire.” 





By L. GERALD FIRTH 
Works Manager 
Firth-Sterling Steel Company 
McKeesport, Pa. 

Copyright 1921 


a ed 


a 
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HAT is the “‘decalescence”’ 
point in the heat treat- 
ment of steel? What 1s 

recalescence’’ point? Do 














the ~ 
you know the proper hardening 
temperature for high speed steel? 























Allof these points are discussed, 
and much _— other valuable 
detailed information: Is given, in 
a treatise entitled ‘The Cool- 
ing of Quenching Oil in the Heat 
Treatment of Steel,’ which has 
just been published by The 
Griscom-Russell Co., 97 West 
Street, New York. Any execu- 
tive may obtain a copy free of 
charge by writing for it on his 
own or on his company’s letter- 
head. 
















































































The first of the three principal 
operations in the heat treatment 
of steel is HARDENING, or 
quenching, and is the operation 
of quickly plunging steel, which 
has been heated in a furnace toa 
point above its critical tempera- 
ture, in a cooling bath of brine, 
water or OIL. 












































The effect of quenching is to 
arrest or fix by rapid cooling 
certain changes in the internal 
structure of the steel which 
occur when the ~temperature 
passes above the critical range. 
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What Do You Know About 
the Heat Treatment of Steel? 
A Booklet You Should Read 


Modern practice provides fo 
continuous rapid circulation 
the quenching oil and for cooling 
external to the tanks. Th 
engineering and designing stats 
of The Griscom-Russell Co.. 
after having devoted years 
study and experiment to this 
problem, finally perfected th 
Multiwhirl Oil Cooler. Som 
of the advantages of this coole: 
are as follows: 


(1) Patented Helical bafle—long 
smooth oil path—minimum pressur 
drop. (2) Tube bundle removabl 


facilitating inspection and cleaning. (3) 
Tubes expanded into tube plates—no 
sweated joints. °(4) Floating head 
construction—no expansion strains on 
tube joints. (5) Outside packed he: 

-this construction eliminates any 
possible leakage of water into oil, 
through faulty packing. (6)°Compact 
ness of unit—this is permitted by thx 
high rate of heat transfer secured in the 
Multiwhirl Cooler. (7) Installation 
in any position—the Multiwhirl Cooler 
may be installed in any position with 
equal efficiency. 


The following organizations are a few 
of those who have adopted Multiwhir 
Coolers for cooling quenching oil. 


Cadillac Motor Car Co., Packard Motor 
Car Co., Ford Motor Co., Nash Motors Co., 
Hyatt Bearings Division ‘of General Motors 
Corporation, American Auto Parts Co., 
American Fork & Hoe Co., Ingersoll- -Rand 
Co. 


If your industry touches the heat treat- 
ment of steel do not fail to write for a 


copy of the treatise. 
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We really have that charcoal substitute 


e you have long desired for covering lead 
Attention:— ps 
e 
As the name implies, it is a carbonaceous 


Users of material. 


Its action is not mechanical, but as a 
LEAD POTS reducing agent, it prevents the formation 


of slag or scale. 


It acts similar to charcoal, namely a 
product yielding enough gas to assure a 
continuous reducing atmosphere over the 
surface of the pot. 


Its first cost is less than charcoal and 
its life on molten lead is many times 
longer. In fact, a layer an inch thick 
uniformly spread over the bath will last 
from three to five hours. 


It is not as dusty to handle as charcoal. 


Try it and become one of our steady 
customers. 


We are also manufacturers of 


Woodside’s Rapid Carbonizers—Cyanide Hardening 
Compounds—Klean Heat—Quenching and 
Drawing Oils 











PARK CHEMICAL COMPANY 


DETROIT, MICHIGAN 
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CARBO 


CASEHARDENING COMPOUND 
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Tracing Results 
Through Nuttall Registered Gears 


Every NUTTALL Gear is stamped with the NUTTALL name, date and 
number. A permanent record is kept of the steel analyses and heat 
treatment, as well as the strength, the hardness and the toughness 
of the steel after treatment. 


Thus the NUTTALL Company is able to trace back to, and to remove the 


offending cause if found in the manufacturing process. 


These records have enabled the NUTTALL Company to confirm its high 
opinion of CARBO. CARBO has been used in the Nuttall factories 


for more than ten years. 


Nuttall metallurgists will tell you that their preference for CARBO is 
based on long life, low shrinkage and uniformity of results—an 
opinion arrived at after many years’ experience and exhaustive tests 
of casehardening materials. 


The Rodman Chemical Company 


Verona, Pennsylvania 
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CHICAGO WAREHOUSE, 1242 WASHINGTON BLVD. 


Wits the stocks carried at the mill and also at Chicago, 
Detroit, Cleveland, Boston, San Francisco, Toronto, 
and Montreal, we are in a position to render prompt and 
efficient service on the various ATLAS Products. 


Some of our well known brands are: 


L-XX High Speed Steel Drop Forgings 
L-XX High Speed Steel Atlas Stainless Steel 
Atlas Hot Die E. B. Alloys 
Deward Oil Hardening Atlas Special Alloy 
Atlas Double Extra Atlas Ball 


Atlas Extra Atlas Magnet 
Atlas Refined Atlas Valve 


We operate our own wire mill where we make High-Speed and 
Carbon Drill Rods and also draw the different grades to various 
shapes and sizes. 


ATLAS CRUCIBLE STEEL COMPANY 


General Office and Works, Dunkirk, N. Y. 
General Sales Offices, Hanna Bldg., Cleveland, Ohio 


BRANCH SALES OFFICES 


NEW YORK CHICAGO BOSTON ST. LOUIS 

PITTSBURGH CLEVELAND DETROIT BUFFALO 

PHILADELPHIA TORONTO MONTREAL MILWAUKEE 
ATLANTA 
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BETHLEHEM 


Special High Speed Tool Steel 


Illustrated above is a roughing tool made of Bethlehem Special High Speed 
Tool Steel taking a heavy cut on a section of an armor plate conning tower 


tube. The remarkable performance of this tool will be of interest to all users 
of tool steel: 
Size of Planer 
Size of Tool... 
Cutting Speed ' nats 
Depth of Cut.. seoce & iD 
Feed .... ; . re i Soak kee Sora 


. per min. 


4 in. 

Bethlehem High Speed Tool Steel is recommended for lathe, planer, boring, 

slotting, shaping and other roughing tools, and for twist drills, milling cutters, 

taps, reamers, gear cutters, inserted saw teeth, inserted milling cutter teeth, 

and special dies. 
Tool Steel Catalogue on Request 


BETHLEHEM STEEL COMPANY 


General Offices: BETHLEHEM, PA. 


Sales Offices: 
New York Baltimore Pittsburgh Chicago 
Boston Washington Cleveland St. Louis 
Philadelphia Atlanta Detroit San Francisco 


IDAT STEEL Ci CORPORATION 
RTER OF 1s GUNG I LLD rere & 
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1921 


Convention and Exposition 


American Society for Steel Treating 


Manufacturer's Building 
Indiana State Fair Grounds 


Indianapolis, Ind. 


SEPT. 19 to 24, 1921 


76,800 sq. ft. of exhibits. Plan to Come. 


Everybody will be there. 


HARDNESS TESTING 


Is Now Done Almost Exclusively With 


The SCLEROSCOPE 


(1 nternational Standard) 
Direct reading, can be operated by anyone with great rapidity. 
Measures softest metals and hardest steels without adjustment. 
Send for our booklet, free. 


The PYROSCOPE 


as a heat indicator, has solved the most difficult problems. 
In heat treatment of steel, forg- 
ing, founding, etc. 
Unexcelled for constancy, inex- 
pensive. 
Booklet Free. 
é , Selective 
Carburizing 
Localized 
Hardening 
By SHORE 


Process 


Shore Instrument & Mfg. Co., Inc. 
Van Wyck Ave. and Carll St., Jamaica, N. Y. 


Agents in all Foreign Countries 
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Bausch & Lomb 
Metallographic Equipment 


A complete Metallographic Equipment, for determining the 
physical nature of metals and alloys, has become a_ recognized 
necessity for every industry maintaining a control laboratory. 


Bausch & Lomb Metallographic Outfits are extremely rigid 
and have ample range of adjustment, making them very convenient 
to handle. This optical equipment is of the highest standard, 
illumination is under perfect control and the results obtained are 
clear and sharp. 


Write for our new circular on Metallographic Outfits and Accessories, 
or literature concerning any other of our products. 


Bausch-€F lomb Optical CG. 
NEW YORK ~, WASHINGTON SAN FRANCISCO 
CHICAGO ROCHESTER, N. Y. LONDON 












Leading American Makers of Metallographic and Photomicrographic Apparatus, 
Microscopes, Photographic Lenses, Projection Apparatus (Balopticons), 
Ophthalmic Lenses and Instruments, Range Finders and Gun 
Sights for Army and Navy, Searchlight Reflectors, Stereo- 

Prism Binoculars, Magnifiers and Other High-Grade 

' Optical Products. 
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Which is of Greatest Importance 


to YOU— 


Quality or 
Economy ? 


Pretty hard to say; isn’t it? In the final analysis qual- 
ity and economy are mighty close to twin ‘mans ’ 
and both must be measured in terms of service. 


How well the case-hardened part performs its func 
tion, on an average, depends on how the various 
elements in the carbonizing process ‘‘average up’ 
Keeping down spoilage and maintaining a fairly 
accurate uniformity of case, heat after heat, calls 
for Containers that not only give long service but 
behave in a uniform way throughout their entire 
usefulness. 


From every angle that affects either quality or 
economy, Cast Nichrome Containers average up to 
the highest satisfaction point. The proof exists in 
hundreds of modern plants. 

All Cast Nichrome Containers are 


Manufactured under HENDERSON Patents by 


DRIVER-~HARRIS COMPANY 


HARRISON, NEw JERSEY 


Chicago - Detroit - Canada - England - France 


ih ¥ =\ NI TRADE MARK REG. U. S. PAT. OFF. 


5 PS 


# 4 


% 
” 
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Endure in High Temperatures 


soos cast) Heat Treating Containers 
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QUALITY FIRST 


@ Every item in our extensive line of metallurgical 
testing machines and instruments costs more than 
the next best device offered for the same purpose. 


q Take, for instance, any of the Amsler testing 
machines. A tensile, torsion, impact, or Brinell 
hardness testing machine produced by Swiss 
artisans at the famous Amsler works costs more 
f.o.b. Switzerland than machines constructed for 
the same purpose are being offered f. 0. b. this 
country. 


@ Our photomicrographic outfit for metallography, 
constructed by the Lice Reichert Optical Works 
of Vienna, costs more at the Austrian factory than 
the next best outfit is being sold for in this country. 


@ And still we encounter no difficulty in placing our 
expensive apparatus with the many expert metal- 
lurgists in this country who INSIST upon “THE 
BEST”. 


@ If the “next best” will do, we cannot be of service. 


Are you fully informed on the remarkable features 
embodied in the Amsler testing machines and in 
our metallographic equipment? Have you had 


an opportunity to admire their unsurpassed 
workmanship? 


HOLZ & COMPANY, INC. 


Metallurgical Engineers 


Complete Line of Machines and Instruments for 
Metallurgical Testing and Research Work 


15 Madison Avenue New York 








